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Chapter-1 
INTRODUCTION  
Water is the most important entity for life and we use water for irrigation, 
industries, domestic needs and sanitation. Agricultural sectors itself use about 70% of the 
total water globally. In addition most of the industries are very much dependent on 
adequate water supply using major part of water are industries like steel, paper, textile, 
fertilizers, chemical, thermal power plants and petroleum refining industries. 
Domestic requirements vary from season to season and from rural to urban areas. 
Water is polluted due to rapid industrialization and increased population all over the 
world. Human, industrial and agricultural activities cause water and soil pollution leading 
to the contamination of various terrestrial and aquatic ecosystems with heavy metals, 
inorganic and organic compounds. Controlled and uncontrolled discharge of solid and 
liquid wastes, accidental spillages, use of agricultural fertilizers, herbicides, insecticides 
and pesticides, sewage disposal are some of the main contributor's of alarmingly 
increased content of the various contaminations in the environment. According to Saleemi 
(1993) about 9000 million gallons of wastewater is being discharged daily into the water 
bodies from industrial sector resulting in surface and ground water contamination. Fresh 
water resources are depleting day-by-day while sufficient quantity of water is available in 
form of sewage and industrial wastewater thus to consider the use of this waste product of 
industrialization or urbanization as it has nutritional ingredients like N, P, K, S, Ca etc 
which play an important role in growth development and metabolic processes. Therefore 
it has drawn the attention of farm scientists during the last few decades as it can either 
enhance the effect of fertilizers or save the use inorganic fertilizers but it will be possible 
only when it is used properly for irrigation by limited disposal because this form of waste 
water may contain heavy metals like Cadmium, Nickel, Copper, Lead, Zinc, Mercury and 
Chromium etc. However the use of wastewater may serve the twin objectives of fertilizer 
economy and environmental protection. Heavy metals are roughly defined as elements 
having a density over 6g/cm\ Among these elements Co, Cu, Mn, Ni, Se, and Zn are 
important in small amount (Bruins et al, 2000). Some metals such as Cu, Fe, and Zn are 
essential only at low concentration and toxic at higher levels (Hare, 1992; Tiina, 2001). 
Environmental Protection Agency (EPA, 1990) has shown that industrial effluents 
from electroplating and tannery industries containing toxic metals such as Cr, Ni, As, Hg, 
Cu, Pb etc have contaminated soil. It has also been worked out that long term irrigation 
with water containing metallic cations such as Zn, Cu, Fe, Mn, Pb, Ni, Cd etc increase 
EC, organic carbon content and heavy metal accumulation in soils (Olaniya, 1998., 
Narwal et al, 1993) and the chances of their entrance in the food chain, thus it become 
necessary to study the heavy metal accumulation by the help of advance techniques. The 
plan of reuse of this wastewater resource has been documented as early as in 16 centuary 
that has recently motivated the researchers to develop a variety of nobel approaches 
towards its "clean- up". Scientists have developed cheap and one of the best technology 
to remediate the pollutant through "Phytoremediation". It is a method of environment 
treatment that makes use of ability of some plant species to accumulate certain elements, 
including heavy metals, in amount exceeding the nutritional requirements of plants 
(Raskin et al, 1997). The possibilities of phytoremediation is found near waste landfill 
sites and area surrounding industrial plants, and utilizes the ability of species to 
accumulate high amount of elements per biomass unit, as well as the possibilities of high 
biomass production over a given area. Reeves and Brooks (1983) called plants that 
accumulate high amount of heavy metals in their tissues as "Hyperaccumuiators". From 
evolutionary point of view these types of plants are adaptable to extreme growth 
conditions (Baker et al, 1994). These plants accumulate high amount of heavy metals 
often more than 50-100 times of non- hyperaccumuiators. Up till now at least 45 plant 
families have been identified with metal accumulating species, but other are still being 
sought worldwide (Guerinot and Salt, 2001). Recently the value of metal accumulating 
plants for environment has been vigorously pursued (Brown et al 1995., Kumar et al, 
1995). Members of Brassicaceae family played an important role in phytoremediate the 
heavy metal pollutants from contaminated soil and wastewater by their ability to 
assimilate, concentrate and translocate from the root system to the aerial parts and 
degrade to non-toxic compounds in order to remove the polltants. About 72 species of 
Brassica have been used as hyperaccumulator of Ni, Zn, Cd, Cu, Pb etc including B. 
campestris, B. juncea, B. napus, B. nigra, B. carinata. B. rapa, B. oleracea, and B. 
chinensis. 
Brassica species consists of mustard- rapeseed and are among the oldest 
cultivated plants. It is the main groups of oil yielding crops which assumes the 
significance in Indian national economy by occupying the second position next to the 
groundnut and is considered as "cash crop". Thus India is one of the leading oil seed 
producing country in world. Our country has about 19% of the total world's oil seed area 
and produce about 10% of the world's oil seed production (Shukla et al, 2001). In terms 
of production, it produces 6.12 million tones out of total 25.21 million tones of oil seed 
(22.9% of total oil seed) production. It is the major rabi oil seed crop accounting for 
59.3% of area and 67.9% of production of total rabi oil seeds (Khan, 2001). Mustard oil 
and seeds are consumed by a large section of population using in cooking, as a 
preservative in pickles (achars) and a taste maker. Leaves are used as vegetables and oil 
cakes as cattle feed. 
Keeping in view the nutritional quality of wastewater and its beneficial use in 
enhancing the crop productivity with the removing of harmful metals by their 
accumulation in plants and the importance of mustard crops as an oil crop, it was decided 
to conduct a pot experiment with the objectives: 
1. Screen or test the four cultivars of mustard viz. B. campestris, B. j'uncea, B. napus, 
B. nigra irrigated with ground water (GW) and wastewater (WW) under uniform 
basal dose of nitrogen, phosphorus and potassium on the basis of growth, 
physiological and yield attributes. 
2. To determine the concentration of heavy metals in root and shoot of different 
Brassica cultivars grown under wastewater irrigation. 
3. To identify the Brassica cultivar as susceptible and tolerant. 
4. And also to identify the cultivar to be suggested for the phytoremediation of heavy 
metals. 
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Chapter-2 
REVIEW OF LITERATURE  
Out of many uses of water, its application for agricultural purpose rank top in 
priority. However, it must be admitted that due to scarcity of fresh water and 70% of 
Indian population being dependent upon farming, the fanners have no option other than to 
grow their crops under rain fed conditions or use of wastewater for agricultural as well as 
for horticultural purposes. Wastewater irrigation would not only serve the disposal 
problem but also serve as nutrient source of plants because most of the essential nutrients 
are present in wastewater. However some toxic metals can also be accumulated into this 
wastewater showing harmful effects. However the advantages in uses of treated 
wastewater for irrigation are: (i) low cost source of water, (ii) an economical way to 
disposal off wastewater to prevent environmental pollution and sanitary problems, (iii) an 
effective and beneficial use of nutrients present in wastewater, and (iv) economization of 
commercial fertilizers. Wastewater specially mixed with sewage contains good amount of 
organic matter which is also essential for normal growth and development of plants. 
2.1 Effect of wastewater on germination, growth, yield and quality of some crop 
plants 
The wastewater shows various beneficial as well as adverse effects on crop 
plants. Some of them have been reviewed here: 
Ajmal and Khan (1984a) carried out a very extensive work at Aligarh to study the 
effect of four concentrations (25%, 50%, 75% and 100%) of effluent from Mohan Meakin 
Breweries Ltd, Ghaziabad on seed germination of wheat {Triticum aestivum) and pea 
{Pisum sativum) crops. They reported that the seed germination was restricted to 80-
100% effluent but with 25-50% effluent, the germination was quick. They in the same 
year (1984b) applied same concentrations of vegetable ghee manufacturing effluent to 
pea (Pisum sativum) and mustard (Brassica juncea) seeds and observed that the 
germination was delayed and restricted to 90% effluent whereas growth was enhanced at 
75% effluent. Similarly in 1985a, Ajmal and Khan while studying the effect of same 
concentrations of Modi textile factory effluent, Modinagar on kidney bean (Phaseolus 
^OKew 0^ ^itenaiunc 
aureus) and lady's finger (Abelmoschus esculentus). They also reported that 75-100% 
effluent inhibited and delayed the germination as compared to water (control) whereas 
50% effluent enhanced the germination of crops. In another experiment 1985a, Ajmal and 
Khan applied different concentrations (0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0 and 
4.0%) of electroplating factory effluent on hyacinth bean (Dolichos lablab) and mustard 
{Brassica campestris). They again observed that the germination of seeds was delayed 
with increase effluent concentrations. Germination of mustard seeds was totally inhibited 
at 1.5% effluent concentration. 
Sahai and Srivastava (1988) took various concentrations (1, 2.5, 5, 10, 25, 50, 75 
and 100%) of fertilizer factory effluent and studied their impact on two vegetables crop 
plants {Brassica oleracea L.var Botrytis and B. oleracea L. var Capitata). It was observed 
that with the increase of effluent concentration, there was a corresponding decrease in the 
percentage germination and speed of germination index. Gupta and Sanjay (1988) 
working at Aligarh analysed sewage which irrigated the fields. Macro and micronutrients 
were found to be more than the permissible limit in sewage. They also noted that yield 
was more in sewage irrigated field although the accumulation of heavy metals made them 
hazardous. Sewage irrigated plants were found to be rot earlier than tube well irrigated 
plants. Bahadur and Sharma (1989) investigated the effect of industrial effluent on the 
growth characteristics of Pisum sativum L. var t-163 at Bareilly. Total solids, oil and 
grease, lead and chromium were present above their tolerance limits in the combined 
effluent from three industrial units. They reported that shoot length, root length, number 
of leaves and branches. Promodhkumar and Kumar (1990) in Gujarat used pharmaceutical 
factory effluents to find out its effect on germination, dry matter accumulation and crop 
productivity of mustard plant (Brassica. juncea L.) var T-59. They observed that the root 
and stem length and total plant dry weight increased considerably up to 40% of the 
effluent. So they suggested that these effluents could be used as an additional source of 
fertilizes but after proper dilution. Promodhkumar et al. (1991) at Ahmadabad while 
studying effect of pharmaceutical factory effluent on Brassica juncea L. var.T-59, 
reported that when seeds were presoaked to various effluent concentration before sowing, 
lower concentration stimulated the percentage of germination, stem length, root length as 
well as yield while, higher concentration of effluent showed adverse effect. Bishnoi and 
T^eaiem a^ ^iUtatun 
Gautam (1991) at Bikaner used different concentrations (25, 50, 75 and 100%) of dairy 
effluent to study its effect on seed germination and seedling growth of some kharif crop 
plants. They observed that with increasing effluent concentrations, the percentage of 
germination decreased gradually. Gautam et al. (1992) studied the effect of given 
concentrations of same effluent on seed germination of some rabi and kharif crop plants. 
They reported that maximum germination percentage was recorded in 25% effluent 
concentration. The germination of all test crop plants in 50% concentration was at par 
with that of the control. The inhibitory effect was observed in 75% and 100% 
concentrations. 
At Coimbatore, Swaminathan and Vaidheeswaran (1991) reported that diluted 
dyeing effluent increased the physiological components of ground nut (Arachis hypogea) 
seedlings whereas pure effluent decreased the amount of chlorophyll, carbohydrate and 
protein content. Similar effects were found for seed germination and seedling 
developments. Srivastava (1991) while studying the effect of paper mill and chlor-alkali 
plant effluent on seed germination, root length, shoot length and number of secondary 
roots of radish {Raphanus sativus) and onion (Allium cepa), found that chlor-alkali plant 
effluent was highly deleterious for germination and early growth performance of seeds as 
compared to paper mill effluent. Misra and Behra (1991), studied the effect of paper mill 
effluent (25, 50, 75 and 100%) on percentage of germination, water imbibing capacity, 
root and shoot length and tolerance index of root in seedlings of rice {Oryza sativa). They 
observed that growth of rice seedlings was decreased with increase in time of exposure as 
well as concentrations of effluent. 
Abasheeva and Revenskii (1992) in Russia studied the effect of clean water or 
purified wastewater fi"om cellulose and cardboard mills on purified wastewater or 
chemical composition and productivity of Avena sativa, Brassica napus and peas, the soil 
used was alluvial meadow or grey forest soil. They reported increase in dry matter and 
yield on grey forest soil, whereas there was no effect on rape in both soils. Goswami and 
Naik (1992) performed an experiment to evaluate the effects of fertilizer factory effluent 
on chlorophyll content of cluster bean {Cyamopsis tetragonoloba). They observed an 
improvement in chlorophyll content at lower concentration whereas it was adversely 
affected at higher concentrations and virtually a negative correlation existed between the 
TSevceat»(, AUtnatane 
two. Gupta and Nathwat (1992) in Rajasthan while studying the effect of textile factory 
effluent on germination and seedling growth of pea (Pisum sativum) var. RPG-3, 
observed with increasing the concentration of effluent, there was decrease in root and 
shoot length and total biomass. Effect on root length was much adverse than the shoot 
length. Somashekhar et al. (1992) observed that effect of distillery effluent on 
germination and growth of Vigna sinensis and Trigonella foenum. The concentration of 
effluent had a direct bearing on the rate and percentage of germination, however biomass 
showed decreasing tendency with increase in effluent concentration. Tiwari et al. (1993) 
at Varanasi worked out the response of 2 cultivars of Indian mustard {Brassica juncea L. 
czem and coss) while applying distillery effluent. They noted that seed germination, early 
growth and pigment content significantly decreased with increasing effluent 
concentrations and entirely suppressed by higher concentrations. They also pointed out 
that total soluble protein content increased significantly up to 15% level of effluent. 
Cultivar Varuna showed superiority over cultivar NDR-8501. They concluded that low 
concentration can be used as substitute of fertilizers. 
Inam et al. (1993) at Aligarh conducted a field experiment to compare the effect 
of refinery effluent and ground water on seedling emergence of three varieties of triticales 
(delfin, TL-419 and driera) and one wheat (HD-2204). There was no adverse effect of 
effluent on seedling emergence as compared to ground water. However among the 
cultivars, HD-2204 and delfin of wheat and triticale respectively performed better than 
TL-419 and driera. During the same year Aziz et al. (1993) also at Aligarh studied the 
effect of treated refinery wastewater on nitrate reductase activity of green gram {Vigna 
radiata) var. T-44 and K-851 and reported that treated wastewater, which contained 
considerable amount of nitrate nitrogen, phosphate, potassium, calcium, sodium, sulphate 
as compared to ground water stimulated NRA at all the samplings when compared to 
ground water. They noticed a linear increase in NRA from 15-25 DAS and then activity 
was decreased. Samiullah et al. (1994) at Aligarh studied the effect of treated Mathura oil 
refinery effluent on the growth and yield characteristics of wheat var. HD2204. The 
treated effluent enhanced leaf number and dry weight at 40, 75 and 90 DAS respectively 
over ground water. Yield characteristics and final yield was reported to be enhanced by 
treated effluent irrigation. The increase in yield recorded was 6, 9 and 10% during three 
I^eviatt 0^ ^itmatune 
years respectively over control. Siddiqui et al. (1994) observed the response of Vigna 
radiata under the same refinery effluent and reported an adverse effect on shoot length, 
root length, leaf number, fresh weight, dry weight per plant, seed number per pod, 1000 
seed weight and seed yield. Aziz and Inam (1995) studied waste water quality for the 
purpose of irrigation and its impact on soil and plants. The pH of Aligarh sewage and 
industrial wastewater was neutral but the electrical conductivity (EC), total dissolve salts 
and cations were very high compared to the specified standards .It was also noted that soil 
irrigated with sewage showed no significant change in pH, EC, organic carbons and some 
cations. On the other hand, the soil as well as the crop slowed the accumulation of heavy 
metals in general and lead, chromium and nickel in particular in leaves of the crops 
studied by them. Aziz et al. (1998) studied the effect of five level of irrigation on 
different parameters of triticale and reported that treated effluent had more nutrients 
available as compared to ground water. There was a linear increase in all parameters 
studied with increase in the frequency of irrigation. Three irrigations with wastewater 
proved superior over four irrigations with ground water. Contrary to growth and yield 
lower protein and carbohydrate contents were observed by them in wastewater. They 
further conducted field experiments to evaluate the impact of wastewater on physio-
chemical properties of soils, growth, yield and quantity of Zea mays and Brassica juncea 
during the year 1999 (Aziz et al). Wastewater increased the growth the growth and yield 
of both crops however, accumulated some heavy metals and inorganic chemical 
constituents as compared to the others. Hayat et al. (2000) also at Aligarh studied the 
effect of the refinery effluent on growth and yield of Brassica juncea. During their 
observations, wastewater had higher quatities of nutrients including the heavy metals. 
Crop grown under this water showed better response as compared to ground water. 
Among the various varieties Varuna proved best, however they didn't report any adverse 
effect on physiological properties of soil. 
Saha and Ray (1994) at Visva Bharti, Shantiniketan reported various phytotoxicity 
symptoms by studying the effect of carbon black factory effluent and a chemical effluent 
on the growth of radicles of rice (Oryza sativa), mustard {Brassica campestris), lentil 
{Lens culinaris), moong {Vigna radiata), gram {Cicer arienitum) and pea {Pisum 
sativum). Agrawal and Chaturvedi (1995) studied the effect of industrial effluent on aging 
T^etiieat »^ ^iUnatune 
and chlorophyll content of Triticum aestivum var. UP262 and reported that increased 
concentration of effluent had adverse effect on Chi a, Chi b and total chlorophyll, 
however effect was negligible in plants treated with 25% effluent. While studying the 
effect of sulphur rich oxalic acid industrial wastewater with different level of phosphorus 
on yield and quality of Brassica juncea cv. kranti, Sawarkar et al. (1995) at Jabalpur 
reported an increase in seed yield with the increase in phosphorus rate and sulphur 
application (as wastewater) up to 100 ppm. Phosphorus application increased seed 
phosphorus and oil contents. Sulphur application increased seed sulphur content and 
available sulphur in soil. Sharma and Habib (1995) at Bareilly (India) studied the effect of 
rubber factory effluent on different cultivars of five rabi crops viz., wheat var. RR-21 and 
UP-262, gram var. PGl 14 and C-235, pea var. auricle and P-5 and barley var. Jyoti and 
BG-39. They observed that in the straw and dried hay of all the cultivars irrigated with 
effluent mixed water, concentration of Mg decreased. Also percentage of Ca, K, PO4 and 
total nitrogen, crude protein and extract was significantly lower in the seeds of effluent 
treated cultivar C-235 of gram. However, concentration of Na, Fe, SO4, total 
carbohydrates, total ash and chloride increased significantly. Singh and Bahadur (1995) at 
Pantnagar germinated seeds of rice (Oryza sativa), wheat {Triticum aestivum), black gram 
{vigna mungo), pigeon pea {Cajanus cajan), lentil {Lens culinaris), mustard {Brassica 
juncea), soybean {Glycine max), maize {Zea mays), chick pea {Cicer aerinitum) in 0-
100% distillery effluent from a biogas plant. They reported that in 100% effluent no seed 
germinated and in maize, rice, mustard, black gram, pigeon pea, soybean and chickpea 
seeds were germinated in 20% effluent whereas green gram seed germinated normally in 
50% effluent. Wheat seeds were more sensitive and did not germinate at 50% effluent. 
Germination of rice and lentil was greatly reduced at 50% effluent. 
Arora and Chauhan (1996) reported significant reduction in germination 
percentage, length and total biomass of all the tested varieties of Hordeum vulgare due to 
tannery effluent. Chiduanpalan et al. (1996) observed that diluted chemical industry 
effluent (10%) promoted germination, growth, chlorophyll and protein content and thus 
might be used for irrigation after this dilution. Sujata and Gupta (1996) at Chennai 
observed that tannery effluent was rich in salt contents, some of which served as nutrients 
and some were toxic. Ghafoor et al. (1996) assessed the quality of drain sewage waste 
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water with respect to EC, SAR, ESC macro and micronutrient and its impact on soil and 
plants. All the contributing parameters of effluents were reported unfit for irrigation. The 
waste water irrigated field growing cauliflower and Chinese squash contained higher 
amount of Na, Ca, Mg, CI, SO4, Fe, Mn, Cu, Zn and total soluble salts as compared to tap 
water irrigated field of the some locality. It was reported that concentration of N, P, K, 
Ca, Mg and Ca in leaves and fiiiit of the vegetables was almost within the safe limits, 
with leaves showing higher amount as compared to other parts including fiaiits. It was 
also reported that field receiving sewage waste water for 8-10 years were still not 
salinized. 
Bera and Saha (1998) at Mohanpur studied the effect of various concentrations (1, 
2.5, 5, 10, 25 and 50%) of tannery effluent on seed germination and early seedling growth 
of pigeon pea (Cajanus cajan) cv. prabhat and rice (Oryza sativd) cw. jaya. They found 
that seedling growth of pigeon pea and rice was stimulated under 10% and 5% 
concentrations respectively indicating that pigeon pea is comparatively more tolerant to 
the effluent than rice. 
Ghosh et al. (1999) at Patna (India) studied the effect of various concentration of 
distillery effluent on germination of pea (pisum sativum), gram {Cicer arietinum) and 
black gram (Vigna mungd). They observed that percentage germination increased upto 
75% effluent in gram and peas and upto 50% effluent in black gram. Plumule and radicle 
growth generally increased upto 50% or 75% effluent concentration and then decreased. 
Also root shoot ratio decreased with increasing effluent concentration. Michaloj and 
Nurzynrki (1999) studied the effect of irrigation with sewage waste water on the contents 
of total and mineral nitrogen in rape and hemp. It was observed that the content of 
mineral nitrogen was higher at the time of intensive plant growth than at harvest. 
However in soil the content of total nitrogen increased with the quality of sewage waste 
water used for irrigation while the content of mineral nitrogen remained unchanged. 
Niwa et al. (2000) in Japan studied the effect of carbonized sewage sludge on 
plant growth and soil improvements and reported an increase in plant dry weight with 
increase in sewage sludge, but chemical fertilizers resulted in higher yield. 
Tahir et al. (2007) carried out to a field experiment examine the effect of different 
irrigation levels on growth and yield of canola (Brassica napus L.). The experiment 
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comprised nine irrigation treatments viz., one irrigation at early vegetative stage 
(2IDAS); one irrigation at flower initiation (56 DAS); one irrigation at seed formation 
(93 DAS); two irrigations, one at early vegetative and second at mid vegetative stage (21 
& 35 DAS); two irrigations, one at early vegetative and second at flower initiation (21 & 
56 DAS); two irrigations, one at flower initiation and second at seed formation (56 & 93 
DAS); three irrigations, one at early vegetation, second at mid vegetation and third at seed 
formation (21, 35 & 93 DAS); three irrigations, one at early vegetation, second at 
flowering and third at seed formation (21, 56 & 93 DAS); three irrigations, one at mid 
vegetation, second at flowering and third at seed formation (35, 56 & 93 DAS). The 
results showed that maximum crop growth rate, net assimilation rate, number of seeds per 
siliqua, 1000-seed weight and seed yield were attained with three irrigations at early 
vegetative, flowering and seed formation (21, 56 & 93 DAS). The oil and protein contents 
of the seed were not affected significantly by varying irrigation levels. 
Kaker et al (2010) studied the impact of municipal wastewater of queeta city on 
biomass, physiology and yield of two cultivars of canola {Brassica napus L). Different 
concentrations of effluents (Tl: 20%; T2: 40%; T3: 60%; T4: 80; T5: 100%) were 
supplied to plants compared to control plants (TO) receiving normal tap water All treated 
plants showed reductions in growth and yield parameters, but T5 treated plants were most 
affected compared to control. There were significantly higher reductions in stomatal 
conductance, transpiration rate, photosynthetic rate and chlorophyll (a and b) of T5 
treatment plants compared with control. Significant reductions were recorded in the 
siliqua plant", seeds plant "', seed weight plant'', and in the harvest index in cultivars 
Oscar and Rainbow respectively compared to control. 
2.2 Effect of wastewater on heavy metal accumulation in crops and their 
phytoremediation 
Trace elements are present in natural waters (ground and surface) and their 
sources are associated with either natural process or human's activities. Heavy metals 
specially do not exist in soluble form for a long time in water. They are present mainly as 
suspended colloids or organic and mineral substances. Plants are known to selectively 
accumulate trace heavy metal from waste water in different edible parts. Thus some of the 
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references related to rapeseed- mustard and other crops in relation to wastewater and 
heavy metal accvmiulation have also been reviewed here: 
Reynolds et al. (1980) studied the long term irrigation with wastewater at Utah 
(USA). They found that secondary effluents were of satisfactory quality for crop 
irrigation. No significant accumulation of Pb, Cu, Ni, Cr and Cd could be attributed to the 
effluent irrigation. They concluded that no harmful accumulations of heavy metals on 
alfalfa grown at effluent irrigated sites were noted. Chumbley et al. (1982) conducted 
survey of 11 vegetables crops grown on land with a history of sewage sludge application. 
The soil with pH (5-8.1) organic matter (0.9-9.1%), Pb content (7-496mg/kg) and Cd 
content (0.1-26.2mg/kg) characteristics supported plant growth. In edible parts of 
vegetables the concentration of Cd generally increased with increasing soil Cd 
concentration, while Pb level in plant was not affected by the concentration of lead in the 
soil. Chang et al. (1982) determined the effect of repeated sludge application on the 
accumulation of Cd and Zn on radish and tomato. They found that in case of radish the 
leaf Cd and Zn concentration increased with the amount of applied sludge application. 
Kansal and Singh (1983) reported that cauliflower, spinach, barseem, maize had higher 
concentration of Fe, Mn, Cu, Pb and Cd than those from tube well irrigated soil. The 
maximum concentration was found in spinach leaves followed by barseem, cauliflower 
leaves had the lowest concentration of Fe and Cu was high enough to effect crop growth. 
Content of Zn and Cd in these plants were approaching the impermissible limits. 
Singh and Keeper (1989) studied the uptake of nickel and cadmium by vegetables 
(radish, carrots, cabbage, kale, green bush bean and tomato grown on soil amended 
different sewage sludge. They applied sewage sludge at 90 and 180 +ha "' as a single 
application. They foimd that Cd concentration in the edible parts were usually less than 
1.0 mg/kg. In raddish leaves with 20mg of Cd kg"' and nickel was available in 
significantly greater amount than the control for 5 years in edible parts of the vegetables. 
They resulted that availability of heavy metals from sludge was usually high during the 
application year with a steady decrease in available with time. Truby and Raba (1990) 
reported uptake of Zn, Cd and Pb by leaf vegetables (Spinach, lettuce, fodder, beets, 
cabbage), root vegetables (carrots, radish, potato, onion), strawberries, cucumber and 
tomatoes when irrigated with sewage & industrial waste water. They found low level of 
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heavy metals in the fruit vegetables and strawberries. However in lettuce, fodder beets, 
spinach, celery and carrots grown in a neighboring uncontaminated field had high Cd 
contents. It was concluded that the uptake of heavy metals by vegetables could not be 
predicted by measuring the contents of heavy metals in the soil alone. 
Gua and Marschner (1995) reported the uptake, distribution and binding of Cd, & 
Ni in 4 plant species grown in a complete nutrient solution with additional 0.125 & 0.50M 
Cd or 0.50 & 1.00 M Ni. They resulted maize had the highest Cd concentration in shoot 
and beans the lowest. Contrary to Cd, Ni concentration was highest in the shoots of beans 
and lowest in Maize. Eid and Shereif (1996) at Cairo (Egypt), irrigated barley {Hordeum 
vulgare), broad bean {Vicia faba) and rape (Brassica napus) by raw waste water and 
treated waste water mixed with fresh water in different ratio. They reported that effect of 
irrigation was insignificant on Zn and Cu contents of plants however the contents of Mn 
and Ni increased with mixed water as compared to fresh water. It was also noted that the 
concentration of heavy metals in plants were lower than critical toxic levels. 
Ebbs and Kochian (1997) studied the toxicity of Zn and Cu in 3 species of 
Brassica (B. juncea, B. napus and B. rapa) genus. In term of heavy metal removal, 
Brassica species were more effective in removing zinc from nutrient solution than Cu. 
The extent of Zn and Cu removal was reduced when both metals were present, as 
compared to the single heavy metal treatments. In fiirther experiment Ebbs et al. (1997) 
founded that Brassica species were the most effective in removing Zn from the 
contaminated soil, due to the high mass production in comparison to the Thlaspi 
caerulescens- a zinc hyperaccumulator. Robinson et al. (1997) in Italy studied an in- situ 
experiment on the Nickel hyperaccumulator plant Alyssum bertolonii as a potential agent 
for phytoremediation and phytomining. They gave best fertilizer treatment (N+P+K) for a 
threefold increase of the biomass of reproductive matter to 9.01/ ha without dilution of the 
unfertilized Ni content. A Ni content of 0.8 % in dry matter (11% in ash), would give a Ni 
yield of 72 kg/ha without need of resourcing for a further crop. They have been resulted 
that Alyssum bertolonii or other Alyssum species might be used for phytomining 
throughout the Mediterranean area. 
Porebska and Ostrowska (1999) reported heavy metal (Zn, Pb, Cu, Cd, Ni and Cr) 
accumulation in wild grovm plants in the context of their possible use for the sanitatation 
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of sludge and waste substrate. The highest contents of the heavy metals were noted in 
Lactuca serriola, Chenopodium album, Artemisia vulgaris and Atriplex nitens assuming 
maximum crop production which was to be obtained from sludge and waste substrates at 
the level of 2 kg d.w/m^. It was clear that from I hectare several hundred grams of Pb and 
Cd (as well as up to 2 kg of Cu and 20 kg of Zn) may be removed. 
Buszewski et al. (2000) studied monitoring of heavy metals uptake by plants and 
soils in the area of Torun (Poland). Sampling was carried out during the period march-
may and oct-nov and conventional extraction and microwave mineralization technique 
were applied. Atomic Absorption Spectroscopy (AAS) equipped with Graphic Furnace 
(GF) was used to determined heavy metals and microelements. The obtained data were 
compared with respective values recommended by Polish Standards. Application of 
established sampling procedures for environmental samples and determination methods 
for xenobitics was successftiUy applied for the purpose of routine analyses in 
biomonitoring. Rossi et al. (2002) studied the capacity of Brassica napus to accumulate 
cadmium, zinc and copper from soil. The removals of heavy metals were calculated by 
multiplying the heavy metal concentrations by the vegetable biomass production. Plants 
were cultivated in pots on artificially contaminated soil (50 mg/kg Cd, 600 mg/kg Zn and 
600 mg/kg Cu). The Brassica napus did not show any upper threshold to the adsorption of 
Cd and Zn and reported this species would most likely be more effective in removing 
heavy metals from the soil. 
Kos et al. (2003) studied phytoextraction of lead, zinc and cadmium by selected 14 
different plants in contaminated soil mainly reside in carbonate, organic matter and 
residual soil fractions. The 5 m mol/kg ethylenediamine-tetraacetic acid (EDTA) was also 
added. The result showed that addition of EDTA increased the uptake of Pb, Zn and Cd 
upto 48 times (Sinapsis alba), 4.6 times (Raphanus sativus), and 3.3 times more 
(Amranthus sp) respectively, compared to the control however the biodegradable chelate 
ethylenediamine-disuccinic acid (EDDS) was generally less effective (tested on 4 plants) 
except Cannabis sativa amounted Pb up to 23.6 kg/hectare. Herrero et al. (2003) studied 
the uptake and distribution of Zinc, Cadmium, Lead and Copper in Brassica napus var. 
oleifera and Helianthus annus were grown in artificially contaminated soils. 
Accumulation and translocation of the environmental pollutants Zinc, Cadmium, Lead and 
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Copper was evaluated in different portion of the plant at 2 harvesting times. The 
distribution into plants as well as their capacity for contaminant phytoextraction and 
accumulation was assessed. 
Del Rio et al. (2004) studied the potential of wild and cultivated species in the 
phytoremediation of the polluted soil in Guadiamar river area. The species were 
Amaranthus blitoides, Chamaemelum fuscatum, Lavatera cretica, Cynodon dactylon, 
Anchusa azurea, Erodium aethiopicum, Beta vulgaris. They have also tested the capacity 
of 84 accessions of Brassica carinata and 123 accessions of B.Juncea for uptaking heavy 
metals when grown in the affected area. They suggested that both species were tolerant to 
the contamination of soils and can be used for phytoremediation. Suresh and Ravishankar 
(2004) studied phytoremediation as a nobel and promising approach for environmental 
clean up. They suggested that phytoremediation was an ecofriendly approach for 
remediation of contaminated soil and water. It comprised of 2 components, one by the 
root colonizing microbes and the other by plant themselves, which degrades the toxic 
compoimds to further non-toxic metabolites. Plant cell culture, hairy roots and algae have 
been studied for their ability to degrade contaminants by exhibit various enzymatic 
activities with the help of phytochelatins and metallothioneins which enhanced the 
remediation rates and will be large application to remediate vast areas of contaminated 
soils. Marchiol et al. (2004) studied the phytoremediation potential and the behaviour of 
Brassica napus, Brassica juncea, Raphanus sativus and Brassica carinata by the 
reclamation of polluted soil grown on a substrate contaminated irrigation water .The data 
on carbon dioxide assimilation, biomass, growth and bioconcentration and translocation 
factor of each metal in each species were measured. Two bioconcentration factors (BCF) 
were calculated respectively for the root and shoot. They found that the BCF was >1 for 
all the species to Cd, Cu, Ni, and Zn without significant difference among species 
Mascharak (2004) studied the phytoremediation of lead using Brassica nigra to 
find out if lead in soil could be phytoremediated using Brassica nigra (black mustard) and 
if the addition of EDTA sped up this process. The experiment carried out with a set of one 
hundred seedlings of B. nigra and then lead (as lead nitrate) added to soil in different 
concentrations and it was found that addition of EDTA increased the total amount of lead 
collected by plants. Maiti et al. (2004) studied plant based bioremediation and mechanism 
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of heavy metal tolerance of plants. They suggested that several hyper-accumulator plant 
species can be used as bioaccumulators to absorb of heavy metals from soils and water 
and translocate in vacuoles through tonoplast, thereby, protecting cell metabolism from 
metal toxicity. The mechanisms of heavy metal tolerance may range from exclusion, 
inclusion and accumulation of heavy metals by plants depending on plant species. The 
other mechanisms involved synthesis of metal binding proteins, metallothionin such as 
Hg, Pb, Cd and phytochelatin such as Cd, Zn, Pb and Hg. Thus they reported that a 
knowledge on physiological and biochemical mechanisms of plants for tolerance and 
accumulated with heavy metals may provided alternate strategies to adopt measures of 
purification of contaminated soil. 
Sekara et al. (2005) near Krakow (Poland) reported zinc and copper accumulation 
and distribution in the tissues of nine crops with implication of phytoremediation. The 
experiments were carried with red beet, field pumpkin, chicory, common bean, barley 
while cabbage, maize, alfalfa, common parship. Based on the results, field pumpkin and 
red beat were characterized by the highest zinc accumulation, especially in the leaves 
(119.14 and 64.97 mg /kg d.w. respectively). In case of alfalfa, field pumpkin and barley 
the maximum Cu content was found in roots (35.81, 25.74, 15.92 mg / kg d.w. 
respectively). The field pumpkin, chicory and red beat were characterized by the higher 
zinc concentration ratios (shoots /roots): 2.8, 2.2, and 2.0. 
Ariyankanon and Winaipaich (2006) studied the phytoremediation of copper 
contaminated soil by Brassica juncea (L.) czem and Bidens alba (L.) DC. Var. radiata. 
Copper sulphate was added in each experimental pot at the rate of 0, 50, 100, 150, 200 
mg/kg soil. Plants were observed after 65 days. They reported that maximum 
concentrations of copper of B. juncea (L.) Czem and Bidens alba (L.) DC. var. Radiata 
was 3,771 and 879 mg/kg (dry weight) with 150 mg/kg soil. The statistical analysis 
indicated that copper accumulation between shoot and root of B. juncea (L.) Czem were 
not significant at 0 and 50 mg Cu/kg soil however, the concentration of copper was 
highest in roots than shoots when amended with 100, 150 & 200 mg Cu/kg. For Bidens 
alba (L.) DC. var. radiate also the copper accumulation was higher in the roots than shoots 
in every composition. Dasgupta et al. (2007) observed light quanta modulated 
characteristics of Ni uptake by Brassica juncea seedlings. They have been investigated the 
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efficiency of metal uptake & tolerance by plants, via, relationship between the 
concentration of metal in growth medium 'Cs', the concentration metal observed in plant 
'Cp', and total biomass achieved 'M'. The result showed the plants {B. juncea) with a 
moderate rate of biomass growth and moderate absorbed metal concentration 
demonstrated the ability to remove the maximum mass of metal from medium. Esringw 
and Tarun (2007) studied phytoremediation based on canola (Brassica napus L.) and 
Indian mustard {Brassica juncea L.) plated on spiked soil to investigate the effects of 
addition of different rates (0, 3, 6 and 12 mmol/kg) of ethylene diaminetetraacetate 
(EDTA) on heavy metal availability in soil contaminated with 50 mg/kg of each Cd, Cu, 
Pb and Zn in form of CdCh, CUSO4, Pb(N03) and ZnS04 respectively, and on the 
capacity of B. napus and B. juncea to uptake these metals in a growth chamber. Results 
indicated that EDTA application increased heavy metal availability and uptake by plants. 
Heavy metal uptake by roots of both species was higher than shoots. Gbaruku and Friday 
(2007) at Ijaw area of the Niger delta (Nigeria) studied the bioaccumulation of heavy 
metals in some faima (molluces and crustacean) and flora {Hibiscus esculentus and 
Vernonia amygdalina). Result showed that molluscs and crustacean accumulated 
considerable higher amount of heavy metals (Cu, Hg, Pb, Cr, Ni and Zn) in the shells than 
in the fleshy tissues. Hibiscus esculentum and Vernonia amygdolina also accumulated 
these heavy metals in the levels of Cu, Ni and Zn was generally higher than those of Hg, 
Pb and Cr in all samples analysed. Liu et al. (2007) in Pearl River delta (China) studied 
the effect of sludge on heavy metal accumulation in flowering Chinese cabbage {Brassica 
campestris L. ssp., Chinensis var. utilis Tsen et Lee). The result showed that the 
calculated bio-concentration factor (BCF) values were ranked as Cd (0.1415) > Cr 
(0.0061)> Hg (0.0012) (p<0.01), which demonstrated that Cd was easier to be 
accumulated in the edible parts of flowering Chinese cabbage than Hg and Cr. Mapanda et 
al. (2007) at Harare (Zimbabwe) reported the uptake of heavy metals by vegetables 
{Brassica species) irrigated with wastewater containing copper (Cu), zinc (Zn), cadmium 
(Cd), nickel (Ni), lead (Pb) and chromium (Cr). The subsequent human exposure risks 
were also determined. The concentrations of the heavy metals (mg/kg dry weight) in 
vegetables leaves ranged from 1.0-3.4 for Cu, 8-201 for Zn, 0.7-2.4 for Cd, 2.5-6.3 for 
Ni,0.7-5.4 for Pb and 1.5-6.6 for Cr. Estimated intake rates of heavy metals from 
consumption of the vegetables in mg day'' ranged from 0.04-0.05 for Cu, 0.6-3.3 for Zn, 
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0.02-0.04 for Cd, 0.05-1.0 for Ni, 0.05-0.09 for Pb and 0.05-1.0 for Cr. Cd intake rates 
were above these recommended minimum risk levels (MRLs), while Cu, Ni, Cr and Pb 
had daily intakes above 40% of their MRLs so it was not safe. 
Hooda (2007) studied Phytoremediation is an emerging technology, which uses 
plants and their associated rhizospheric microorganisms to remove pollutants from 
contaminated sites. This plant based technology has been efficient and environment 
friendly technology especially for removing toxic metals. Plant based technologies for 
metal decontamination was extraction, volatilization, stabilization and rhizofiltration. 
Various soil and plant factors such as soil's physical and chemical properties, plant and 
microbial exudates, metal bioavailability, plant's ability to uptake, accumulate, 
translocate, sequester and detoxify metal amounts for phytoremediation efficiency. Use of 
transgenics to enhance phytoremediation potential seems promising. Despite several 
advantages, phytoremediation has not yet become a commercially available technology. 
Progress in the field was hindered by lack of understanding of complex interactions in the 
rhizosphere and plant based mechanisms which allow metal translocation and 
accumulation in plants. 
Angelova et al. (2008) studied the uptake of heavy metals (lead, cadmium and 
zinc) by rape {Brassica napus) in polluted soil. There were 2 main factors that affected the 
assimilation of Pb, Cd, & Zn by rape (1) level of soil pollution by the particular element 
and (2) the combined influence of Pb, Cd and Zn. They reported that with increasing 
concentration of Pb, Cd, & Zn in the soil there was increased in the concentration of 
elements in the roots, stems and seeds. Pb and Zn are fixed and accumulated in the roots, 
and small amoimt moved in seeds through conductive system. Cd moved from root to 
stem and accumulated in higher concentration in the tops of the plants. Maleki and 
Zarasvand (2008) at Sanandaj (Iran) studied the daily intake of 4 different heavy metals 
(Cadmium, Lead, Chromium and Copper) in selected edible vegetables [leek {Allium 
ampeloprasum), sweet basil {Ocimum basilicum), parsley (Petroselinium crispum), garden 
cress {Lepidium sativum) and tarragon {Artemisia dracunculus)]. One hundred samples 
(20 samples per month) were collected and determined the concentration of these metals. 
The result showed the average concentration of each metal regardless of the kind 
vegetable for Pb, Cu, Cr, Cd werel3.60+/- 2.27, 11.50+/- 2.16, 7.90+/- 1.50 and 0.31+/-
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0.17 mg/kg, respectively and the dietary intake though vegetable consumption was 
estimated at 2.96,2.50, 1.72 and 0.07 mg/ day, respectively. 
Purakayastha et al. (2008) at Delhi studied the phytoextraction of zinc, copper, 
nickel and lead by five different species of Brassica {Brassica campestris, B. carinata, B. 
napus, B. juncea and B. nigra) grown in soil irrigated with sewage effluents. They 
reported that B. carinata cv. DLSCl showed higher concentration and uptake of Zn, Ni 
and Pb while B. juncea cv. Pusa Bold showed highest uptake of Cu. The B. napus cv. 
Early napus ranked second position in total uptake of Pb, Zn and Ni, and third for Cu. It 
was also noted that heavy metal accumulation was greated in sewage irrigated soil. 
Angelova and Ivanova (2009) studied the bio-accumulation and distribution of 
heavy metals in black mustard (Brassica nigra Coch). They determined the quality and 
accumulation of Pb, Cu, Zn and Cd in vegetative and reproductive organs of B. nigra, as 
well as identifying the possibilities of growing it in soils contaminated by heavy metals 
and its use for the purpose of phytoremediation. The accumulation was followed the 
order: roots> fruit's shells> stems> seeds. In case of its growing non contaminated soils 
order was root> fruit's shell> seeds> stem preserves for the Pb, while the order for Cu, Zn 
and Cd was: fruit's shell> seed> stem> root. A relation was determined between the 
quality of the total and the mobile forms of the metal, their total quantity in the plants in 
the field as well as, in the pot experiment. Gupta et al. (2009) studied the effect of 
wastewater irrigation on Colocasia esculentum, Brassica nigra and Raphanus sativus in 
relation to bioaccumulation of heavy metals and biochemical changes. The result showed 
that the order of heavy metal accumulation in root was Raphanus sativus > Colocasia 
esculentum while in shoots the order was B. nigra > Colocasia esculentum > Raphanus 
sativus. The enrichment factor (EF) of the heavy metals in contaminated soil was Cd(3)> 
Mn(2.7)> Cr(1.62)> Pb(1.46)> Fe(1.44) while in plants EF varied depending upon the 
species and plant part. In case of biochemical parameters the result showed decrease in 
total chlorophyll and total amino acids levels in plants and an increase in amount of 
soluble sugar , total protein , ascorbic acid and phenol except B. nigra for protein. Kumar 
et al. (2009) in India studied hyper-accumulation and mobility of heavy metals in 18 
vegetable crops viz, beat (Brassica oleracea), cauliflower (Brassica oleracea var. 
Boytytis), chilli, garlic, radish etc. the metal concentration of Cd, Co, Cu, Fe, Pb and Zn 
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was analyzed using Inductive Plasma Analyzer (ICPA). The accumulation factor (AF) 
mobility index (MI) was calculated in roots, stems and leaves through different levels: 
levels 1 (soil- leaves), levels 2 (roots-stems) and levels 3 (stems-leaves). The results 
showed metals are highly mobile with their accumulation in plants. 
2.3 Effect of N, P and K on mustard 
Fertilizers play an important role in enhancing the growth and productivity of 
crops and in the present study the nitrogen, phosphorus and potassium were applied to 
mustard as uniform basal doses. In the following pages some of the relevant trials 
conducted especially on mustard in relation to NPK were reviewed briefly: 
At Delhi Rana et al. (1991) noted that effect of irrigation, plant density and 
nitrogen application on water, yield and yield attributes of Brassicajuncea. They reported 
significantly higher yield at irrigation 0.6 IW:CPE with 1,00,000 plants ha"' but water use 
efficiency was higher in irrigation over 0.4 and 0.6 IW:CPE. Ram et al. (1992) studied the 
effect of five fertilizer levels on the seed yield and its attributes on two varieties of toria 
(Brassica campestris). They observed that the highest yield was due to the application of 
NPK at the rate of 80, 40 and 30kg ha"'. Singh et al. (1992) conducted the experiment on 
the effect of drain spacing and phosphorus levels on yield, chemical composition and 
uptake of nutrients by Indian mustard. They reported that with increasing drainage 
spacing, the number of siliqua m"^  and seed yield decreased while application of 
phosphorus increased the yield and yield attributes. Mohan and Sharma (1992) conducted 
a field experiment on Indian mustard {Brassica juncea L. Czem & Coss.) and observed 
that plant height, secondary branches, dry matter plant"' increased significantly upto 75kg 
N ha" and functional leaves, leaf area index and primary branches plant"' upto 100kg N 
ha"'. Ram et al. (1992) studied the effect of five fertilizer levels on the seed yield and its 
attributes of two variety of toria {Brassica campestris). They observed that the yield was 
highest due to NPK application at the rate of 80,40 and 30kg ha"' respectively. 
At Pantnagar, Shukla and Kumar (1994) while studying the effect of nitrogen 
fertilization on dry matter accumulation, N content, N uptake and seed yield of six 
varieties of Brassica juncea reported that dry matter content in leaves of Varuna was 
significantly lower than other varieties. The total dry matter at 95 day stage in Kranti and 
Vardan was at par. Seed yield of Vardan, Krishna and Kranti did not differ significantly. 
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N upto 120 kg ha'' had significant effect on dry matter accumulation in different plant 
parts as well as seed yield. 
Gurjar et al. (1996) reported that variety Pusa Bold of mustard at 30 cm spacing 
with 75kg N and 50 kg PaOs/ha produced the highest yield of 1823 kg/ha without any 
adverse effect on quality characters. Kumar et al. (1996) studied the effect of varying 
nitrogen levels to evaluate the variation in oil content and yield on six genotype of 
Brassica. They observed that seed yield and oil yield increased but oil content decreased 
with increasing levels of nitrogen. While Patil et al. (1996) raised Brassica juncea cv. 
Pusa Bold and Brassica campestris cv. Pusa Kalyani under field condition with varying 
level of nitrogen supply from 0-120 kg N/ha and throughout the crop ontogeny, they 
measured the production profile of branches & pods thereon on per unit area basis. They 
noted that nitrogen treatment had no significant effect on 1000 seed weight, nitrogen 
supply up to 120 kg N/ha linearly increased the seed yield in both the species. 
Trivedi and Sharma (1997) after conducting field trial during winter seasons of 
1993-94 and 1994-95 at Gwalior on mustard, noted that higher dose of nitrogen resulted 
in decrease of oil content in seeds. Khafi et al. (1997) studied the response of 'Kranti', 
Indian mustard (Brassica juncea L. Czem & Coss.) to nitrogen, phosphorus and foliar 
applied agro-chemicals. They observed that nitrogen significantly increased yield and 
yield attributes at 80kg ha"' and 30kg ha"'. 
Similarly Aulakh and Pasricha (1998) reported that the yield of mustard {Brassica 
napus) increased significantly upto 100 kg N/ha but decreased thereafter with ftirther 
increase in the nitrogen fertilizer rate (150 kg/ha. Thakur and Patel (1998) also evaluated 
the effect of different levels of nitrogen and phosphorus under rainfed conditions on 
Brassica juncea. 40 kg N ha"' significantly increased the seed, oil and protein yield over 
20 kg N ha''. Further increase in N levels i.e 60 and 80 kg ha"' could not bring any 
significant increase. They also noted that 40 kg P2O5 ha"' produced significantly higher 
seed protein and oil yield compared to 20 kg P2O5 but 40 kg P2O5 ha"' recorded no 
significant difference in all the three aspects in comparison to 60 kg P2O5 ha"'. 
Misra and Kurchania (2001) reported that NPK content of Brassica juncea cv. 
Pusa Jiikisan decreased with plant age. Nitrogen application at 120 kg ha"' significantly 
reduced NPK in weeds. However higher nitrogen rates increased crop growth and 
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suppressed weed growth. Herbicides application and hand weeding increased the NPK 
contents in the crops. 
Dhaka and Kumar (2003) at Hisar conducted an experiment during winter season 
on loamy soil and found significant increase in seed yield and yield attributes upto 80 kg 
N ha, integration of 30 kg P2O5 ha along with 80 kg N ha produced significantly higher 
yields and yield attributes. 
Akhtar et al. (2008) studied the effect of wastewater of thermal power plant 
supplemented with nitrogen and phosphorus on growth, yield and quality of mustard and 
linseed. They found that TPPW increase growth characteristics, net photosynthetic rate, 
seed yield oil content and oil yield of the two crops. In mustard, treatments TPPW N112P60 
(112 kg N/ha + 60 kg P/ha), TPPW N112P30 (112 kg N/ha + 30 kg P/ha) and TPPW N90P60 
(90 kg N/ha + 60 kg P/ha) were equally effective while in case of linseed lower levels of 
N and P with waste water proved beneficial. TPPW may be considered as an alternative of 
fresh water for irrigation purpose improving yield and quality of mustard and linseed. 
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Chapter-3 
MATERIALS AND METHODS  
To assess the suitability of the wastewater as potential source of plant nutrients 
and as irrigation water a pot experiment was conducted on four different cultivars of 
Brassica, during the winter season of 2009-2010 in the net house of department of 
Botany, Aligarh Muslim University, Aligarh. Uniform basal doses of NPK were also 
applied at the rate of 80, 30 and 30 respectively. In this chapter description of materials 
used in far study and methods adopted for the experimentation and determination of 
various traits have been taken into account. 
3.1 Agro -climatic conditions 
Aligarh is an industrial city famous for its locks and electroplating. It has an area 
of 5,024 sq kms and located at 27° 52' N latitude, 78°5r E longitude at an elevation of 
187.45 m above the sea level. The climate is semiarid and subtropical with severe hot dry 
summers and intense cold winters. The spring starts in February and summer from April 
to June. The average temperature in this period varies between 32°C to 35°C, which goes 
even upto 46°C-47.5°C during the month of June. The winter stretches from middle of 
October till the end of March. December and January being the coldest months as 
temperature reaches to on an average between 13°C-15°C while the minimum 
temperature touches to 1.0°C. The average rainfall remains around 600-650mm. Rainfall 
occurs during July to September. Different types of soil such as sandy, loamy, sandy loam 
and clayey loam are found in the district. The soil used during the experiments was sandy 
loam. 
3.2 Experimental layout 
The experiment was conducted in the earthen pots of 10 inch diameter. The 
scheme of the experiment is shown in table 1. The soil was thoroughly mixed with 
manure so as to maintain the organic matter and the soil samples were randomly collected 
before the start of each experiment. The collected samples were mixed with farmyard 
manure and to make the composite soil sample and then analyzed. The NPK fertilizers 
were calculated on the basis of their composition and that one hectare of land contains 
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Table 1: Scheme of treatments given in Experiment (Experimental design; 
randomized complete block design). 
Treatments Irrigation water 
Brassica cultivars GW WW 
Brassica campestris cv. p. Gold + + 
Brassica juncea cv. P. Bold + + 
Brassica napus cv. GLS-1 + + 
Brassica nigra cv. IC-247 + + 
N.B.: A uniform doses of Ngo kg ha' (0.076g kg' soil), P30 kg ha' (0.082g kg' soil) and K30 
kg ha' (0.027g kg' soil) was applied basally. GW= Ground water, WW= Wastewater 
Table 2a. Model of analysis of variance (ANOVA) of Experiment (Experimental 
design; randomized complete block design) 
Source of ^^ ^^ ^^^ F. value Significant 
variation " 
Replication 2 
Water 1 
Variety 3 
Interaction 3 
Error 14 
Total 23 
Table 2b. Model of analysis of variance (ANOVA) of heavy metals analysis. 
variation^ df SS MSS F. value Significant 
Replication 2 
Treatment 3 
Error 6 
Total 11 
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2x10^ kg effective soil (Singh, 1988) and each pot had 5kg of soil. Fertilizers were added 
to soil one day before sowing along with light application of ground water. The seeds 
were procured from Indian Agricultural Research Institute (lARI), New Delhi. Seeds 
were disinfected with 0.01% aqueous solution of mercuric chloride followed by repeating 
washing with double distilled water and then dried in shade. Before sowing of these seeds 
ground water was applied to each pot in order to provide sufficient moisture for proper 
germination. 
The experiment was laid in completely randomized block design. It needs to be 
emphasized that the source of irrigation was municipal wastewater which is a mixture of 
sewage together with the wastewater from local industrial units. Each treatment was 
replicated thrice. The plants were randomly selected from each treatment at the time of 
sampling viz. 40, 70 and 90 days of sowing (DAS). 
3.3 Statistical analysis of collected data 
The data for the growth, physiological and yield of the experiment were analysed 
statistically taking into the consideration the variables according to Panse and Sukhatme 
(1985). The 'F ' test was applied to assess the significance of data at 5% level of 
probability (p<0.05). The error due to replication was also determined. The model of 
analysis of variance (ANOVA) is given Table 2a and 2b. Critical difference was 
calculated to compare the mean values of various treatments. 
3.4 Sampling of soil 
For each experiment soil samples were collected from the pots before sowing 
which was mixed thoroughly with farmyard manure. In the laboratory, the soil sample 
was grinded with the help of mortar and pestle and passed through a 2 mm sieve, oven 
dried and used for the study of following physio-chemical characteristics (Table 3a) and 
heavy metals concentration in the soil (Table 3b). 
3.5 Soil analysis 
The following characteristics were studied in the composite soil sample: 
24 
Table 3a. Chemical characteristics of soil before sowing. All determinations in mg 
r' 1:5 (Soil: water extract), except pH or as specified. 
Determinations 
Texture Sandy loam 
pH 7.8 
CEC(meq lOOg"' soil) 3.05 
EC (umbos cm-') 280.00 
Organic carbon (%) 0.849 
NO3-N (g kg'soil) 0.312 
Phosphorus (g kg'' soil) 0.112 
Potassium 17.0 
Calcium 29.90 
Magnesium 19.91 
Carbonate 18.61 
Bicarbonate 110.65 
Table 3b. Heavy metals analysis of wastewater irrigated soil at harvesting. 
Heavy metals concentration (mg kg'' soil) 
Nickel (Ni) 32.7 
Lead (Pb) 66.8 
Zinc(Zn) 133.6 
Copper (Cu) 40.1 
N.B.: A uniform doses of Ngo kg ha"' (0.076g kg"' soil), P30 kg ha"' (0.082g kg"' soil) and K30 kg ha"' 
(0.027g kg"' soil) was applied basally. 
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3.5.1 Soil texture 
It was determined by the field method by rubbing or feeling the soil between 
thumb and fingers. The soil was moderately gritty, formed fairly firm ball which was 
easily broken and stained the finger indicating the characteristics of sandy loam soil. 
3.5.2 pH 
An important chemical property of soil as a medium for plant growth is its ph 
value, since essential ions that enter into plant are highly dependent upon hydrogen 
concentration of soil solution. It was estimated with the help of pH meter. To 20 g of soil, 
50 ml of double distilled water (DDW) was added and shaken thoroughly. After 30 min, 
pH of the suspension was recorded. The pH meter was calibrated with a standard buffer 
of known pH (Jackson, 1973). 
3.5.3 Cation exchange capacity 
CEC of the sample was determined by the method of Ganguly (1951). To 10 g 
soil, 0.2N HCl (Appendix) was added till the soil became acidic. It was shaken for 30 
minutes, then filtered and washed with DDW till it became free from chloride ions, which 
was checked with AgN03. The residue from filter paper was transferred to beaker and a 
suspension of known concentration was prepared. It was then treated with 10 ml of 
standard KCl solution shaken for 30 minutes and left overnight. Then it was titrated with 
O.IN NaOH {Appendix A-l(i)} using phenolphthalein (Appendix) as an indicator and 
CEC was calculated as follows: 
volume of O.IN NaOH KN of NaOH 
CEC VVt.of soil sample 
3.5.4 Electrical conductivity (EC) 
It is a numerical expression of the ability of sample to carry electric current 
which depends on the total concentration of the ionized substances dissolved and the 
temperature at which the measurement is made. 10 gm of soil was shaken intermittently 
with 40 ml of distilled water in 150 ml conical flask for one hr and then allowed to stand. 
The conductivity of the supernatant liquid was measured with the help of HACH model 
DR-EL/4 conductivity meter. The apparatus was adjusted to a knovra temperature (25°C) 
ofthe solution (Jackson, 1973). 
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3.5.5 Total organic carbon 
It was estimated according to Walkley and Black (1934) method. 2 g of soil was 
taken in a 500 ml conical flask to which 10 ml of IN potassium dichromate solution 
{Appendix A-2(i)} and 20 ml of concentrated H2SO4 were added. After shaking for about 
2 minutes the flask was left as such for 30 minutes for the mixture to react. Then 200 ml 
of DDW, 10 ml orthophosphoric acid (85%) and 1 ml of diphenyl amine indicator 
{Appendix A-2(iii)} was added. A deep violet colour was developed which was titrated 
against 0.5 N ferrous ammonium sulphate solution {Appendix A-2(ii)} till the colour 
changed to purple and finally green. Simultaneously a blank was also run without soil 
sample. Percentage of organic carbon was calculated as follows: 
XX ^ . , B]a2ik tjtrexActual titre .^ A /-ir>o ». -x f\(\ ^ \T Percent of organic carbon = X0.003X 100 XN 
Weight of soil in gram 
where, N is the normality of ferrous ammonium sulphate solution. 
3.5.6 Nitrate nitrogen 
It was estimated according to Ghosh et al., (1983). 20 g of soil was shaken 
continuously with 50 ml of DDW for 1 hr in 100 ml conical flask fitted with a rubber 
stopper. A pinch of CaS04 was addwd and shaken. The content was then filtered through 
Whatman No 1 filter paper. 20 ml of clear filtrate was trasferred to 50 ml porcelain dish 
and evaporate to dryness on a water bath. After cooling, 3 ml of phenol disulphonic acid 
{Appendix A-3(i)} was added followed by addition of 15 ml of DDW and stirred with a 
glass rod until the residue was dissolved. After cooling, the contents were washed dovm 
into 100 ml volumetric flask. To this 1: 1 liquid ammonia {Appendix A-3(ii)} was added 
slowly with mixing till the solution was alkaline which was indicated by the development 
of yellow colour due to presence of nitrate. Another 2 ml of ammonia was added and final 
volume was made upto 100 ml with DDW. The intensity of yellow colour was read at 410 
nm on spectrophotometer. For the preparation of standard curve stock solution containing 
100 ppm nitrate nitrogen was prepared by dissolving 0.722 g of potassium nitrate in 
DDW and final volume was made upto 1 litre. This was diluted to 10 times to give 10 
ppm N03-N solution. Aliquots (2, 5, 10, 15, 20 and 25ml) were evaporated on water bath 
to dryness in porcelain dishes. After cooling, 3 ml of phenol disulphonic acid was added 
and yellow colour was read as described above. Similarly a blank was also run. 
26 
nnatetiaU/ImCnteiAotU 
3.5.7 Phosphorus 
To the 2.5 gm of soil in 100 ml of conical flask a pinch of Draco G-60 was 
added followed by 50 ml of Olsen's reagent {Appendix A-4(i)}. A blank was also run. 
The flask was shaken for 30 minutes on a shaker and then the contents were filtered 
through Whatman No. 1 filter paper. In the filtrate, phosphorus was estimated 
spectrophotometrically using the method of Dickman and Brays's (1940). 
5 ml soil extract was pipetted into 25 ml volumetric flask and 5 ml of Dickman 
and Bray's reagent {Appendix A-4(ii)} was poured drop by drop with constant shaking 
till the effervescence due to CO2 evolution ceased. The inner wall of the neck of the flask 
was washed with distilled water and the contents diluted to about 22 ml. Then, 1 ml of 
stannous chloride solution {Appendix A-4(iii)} was added and volume made upto the 
mark. The intensity of blue colour was read at 660 nm on a Spectrophotometer. For a 
standard curve 0.439 gm of potassium dihydrogen orthophosphate (KH2PO4) was 
dissolved in about half litre distilled water. To this, 25 ml of 7N H2SO4 {Appendix A-
4(iv)} was added and volume was made upto 1 litre with distilled water, giving 100 ppm 
stock solution of P (100 kg P ml' '). From this, 2 ppm phosphorus solution was made after 
50 times dilution. For the preparation of the standard curve, different concentrations of 
phosphorus (1, 2, 3, 4, 5 and 10 ml of 2 ppm phosphorus solution) were taken in 25 ml 
volumetric flasks. To these, 5 ml of extracting reagent (Olsens reagent) was added. The 
colour was developed by adding Dickman and Bray's reagent and stannous chloride and 
read at 660 nm. A blank was also run without the sample. The curve was plotted and the 
amount of phosphorus was calculated from the curve. 
3.5.8 Potassium 
5 g of soil was shaken with 25 ml of IN ammonium acetate {Appendix A-5(i)} 
for 5 minutes and it was filtered immediately through Whatman No 1 filter paper. Stock 
solution of 1000 ppm K was prepared by diluting 1.908 g KCl in 1 litre of DDW. From 
the stock solution aliquots were diluted in 50 ml volumetric flask with ammonium acetate 
solution to give 10 to 40 ppm of K. These were read with the help of flame photometer 
after setting zero for the blank and at 100 for 40 ppm of K. The curve was obtained by 
plotting the readings against 10, 15, 20, 25, 30, 35 and 40 ppm concentration of K. 
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Preparation of extract for Calcium and Magnesium 
100 gm soil was transferred to 750ml flask. To this 50 ml distilled water was 
added and the flask shaken for about 1 hr. The contents were then filtered through 
Buchner funnel. 
3.5.9 Calcium 
It was estimated according to the method of Chopra and Kan war (1982). To 25 
ml extract, 2-3 crystals of carbonate and 5 ml of 16% NaOH solution were added. Then it 
was titrated with COIN EDTA {Appendix A-6(i)} using murexide indicator powder 
{Appendix A-6(ii)} till colour changed from orange red to purple. 
3.5.10 Magnesium 
To 25 ml extract, 1 ml of NaCl (2%) was added. Then 5 ml ammonium chloride 
-ammonium hydroxide buffer was added followed by titration with O.OIN 
EDTA{Appendix A-6(i)} using eriochrome black T as indicator {Appendix A-7(i)} 
whose colour changed from green to wine red (Chopra and Kanwar, 1982). 
3.5.11 Carbonates and Bicarbonates 
Estimation of carbonates and bicarbonates were done following the method of 
Richards (1954). For the estimation of carbonates, 50 ml of extract (1:5) was taken in a 
conical flask and 2 drops of phenolphthalein indicator {Appendix A-8(i)} were added. 
Appearance of pink colour indicated the presence of carbonate. It was titrated with 0.01 N 
H2SO4 {Appendix A-8(ii)} till the solution become colourless. 
To the colourless extract, a few drops of methyl red indicator {Appendix A-
8(iii)} were added. The yellow colour of extract was titrated with 0.01 N H2 SO4 till the 
colour changed to rose red. 
Calculation: 
1000 
Carbonates (meq/1) = 2yxnormality of H2 SO4 x 
ml of aliquot 
= 2yx2 
1000 
Bicarbonates (meq/1) = (Z-2y) x normality of H2 SO4 x-
rfkl of aliquot 
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= (Z-2y)x2 
where, y = reading of burette for the titration of carbonates 
Z = reading of burette for the titration of bicarbonates 
3.6 Sampling of water 
For the sampling of wastewater was collected in 2 litre plastic bottles from the 
drains outside the city. While for the watering of pots, it was collected in 50 litres jerry 
canes at weekly intervals. The source of GW was tap water. Sample bottles were carefully 
cleaned before use with chromic acid cleaning mixture. Later the bottles rinsed 
thoroughly with tap water and then distilled water. 5 litres of water sample was taken for 
analysis. 
3.7 Water analysis 
The analysis of irrigation water was carried out according to standard methods 
(1975). The following parameters were studied to ascertain the quality of wastewater 
(Table 4). 
3.7.1 pH 
It was determined with the help of pH meter which was adjusted before use with 
standard buffer of known pH. 
3.7.2 Electrical conductivity (EC) 
Samples were directly read with the help of a conductivity meter by taking the 
solution in a beaker. The apparatus was adjusted to a known temperature (25°C) of the 
solution. 
3.7.3 Total solids (IS) 
100 ml of unfiltered sample was taken on evaporating dish and was allowed to 
evaporate on water bath. 
A-BxlOOO 
TS(gl-') = 
where, A = final weight of dish 
B = initial weight of dish 
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Fig. 1. Drain showing the pumping of wastewater at the local farmer's Held on the 
outskirts of Aligarh City from where the wastewater was collected. 
Table 4. Physiochemical characteristics of ground water (GW) and wastewater 
(WW). All determinations in mgl' or as specified (except pH). 
Characteristics GW WW 
pH 7.6 6.80 
EC (n mhos cm'') 710 820 
Total solids (T.S.) 979.0 2680 
Total dissolved solids (T.D.S.) 550.0 1550 
Total suspended solids (T.S.S.) 429.0 1130 
Dissolved oxygen 7.4 2.30 
Biological oxygen demand (B.O.D.) 17.69 150.12 
Chemical oxygen demand (C.O.D.) 45.61 376.12 
Hardness 110.0 320.0 
Calcium (Ca) 24.90 156.13 
Magnesium (Mg) 20.23 139 
Carbonate (CO3") 18.26 93.34 
Bicarbonate (HCO3") 68.91 384.0 
Chloride (Cr') 59.24 98.37 
Nitrate nitrogen (NO3-N) 0.82 8.04 
Phosphate (PO4") 0.75 1.86 
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V = volume of sample taken 
3.7.4 Total dissolved solids (TDS) 
100 ml of water sample was taken in a weighed porcelain dish. It was evaporated 
to dryness on a water bath. Drying was finished in an oven at 105°C.Then it was cooled 
in a desicator and weighed. The weight of the residue represented total dissolved solids. 
, _ A-BxlOOO 
TDS(gr')= 
where, A = final weight of dish in g 
B = initial weight of dish in g 
V = volume of sample in ml. 
3.7.5 Total suspended solids (TSS) 
These were determined by calculating the difference between the total solids and 
total dissolved solids. 
TSS (gf') - TS-TDS 
3.7.6 Bio-chemical oxygen demand (BOD) 
It is widely used to determine the pollution power or strength of sewage and 
industrial waste in terms of the oxygen that micro-organisms will require if discharged 
into natural water. Different volumes of the effluent samples were placed in the BOD 
bottles (300 ml) to get several dilutions of the samples to obtain the required depletions 
ranging between 0.1 -1.0%. These bottles were filled with distilled water, stoppered and 
incubated for 5 days in the incubator maintained at 20°C.The dissolved oxygen of these 
samples was determined first by adding 2 ml of manganese sulphate solution {Appendix 
B-l(i)} followed by 2 ml alkali azide reagent {Appendix B-l(ii)} by means of a 
graduated pipette by dipping its end well below the surface of the liquid. The bottles were 
stoppered and mixed well by inverting them. The bottles were allowed to stand till the 
precipitate settled half way, leaving a clear supernatant above the manganese hydroxide 
floe. The stopper was removed and 2 ml sulphuric acid was immediately added. Each 
bottle was restoppered and the contents were mixed by gentle inversion until dissolution 
was complete. 203 ml of the sample was taken in a 500 ml conical flask , 2 ml starch 
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indicator added, and titrated against 0.025 N sodium thiosulphate {Appendix B-l(iii)} 
solution till the disappearance of blue colour. The reading of sodium thiosulphate used up 
was indicative of the dissolved oxygen of the sample in mg 1"' The BOD was calculated 
using the following relationship: 
, D 1 - D 2 
BOD(mgl-') = — ^ 
where, Di and D2 are the dissolved oxygen of the diluted samples 15 minutes, after 
the preparation of the sample and after 5 days of incubation, respectively and P is the 
decimal fi-action of the sample used. 
3.7.7 Chemical oxygen demand (COD) 
It is a measure of oxygen equivalent of that portion of the organic matter in a 
sample which is susceptible to oxidation by a strong chemical oxidant. 
0.4 g of mercuric sulphate was placed in fluxing flask and 20 ml of the sample 
was added. These were mixed well and 10 ml of 0.25N potassium dichromate {Appendix 
B-2(i)} was added to it followed by 30 ml of sulphuric acid and a small amount of silver 
sulphate. A blank was run using distilled water instead of the sample. These were 
subjected to reflux for 2 hr, cooled and then diluted to about 100 ml with distilled water. 
The contents were then titrated against standard ferrous ammonium sulphate solution 
{Appendix B-2(ii)}, using ferroin as indicator {Appendix B-2(iii)}. 
^ ^ ^ . .-K (a-b)xcx8,0O0 COD (mg 1') = -^  
ml sample 
where, a = ml of ferrous ammonium sulphate used for blank titration 
b = ml of ferrous ammonium sulphate used for sample titration 
c = normality of ferrous ammonium sulphate solution 
3.7.8 Total hardness 
It represents the total concentration of calcium and magnesium ions expressed as 
calcium carbonate. 50 ml of the sample was taken into a conical flask and pH was 
maintained at 10+1 by the addition of buffer. Then, it was titrated with 0.01 M EDTA 
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{Appendix B-3(i)} using eriochrome black-T as indicator {Appendix A-7(i)}. Pink colour 
was changed to blue. It was calculated as follows: 
Hardness (EDTA) as mg CaCOs 1'' = —;— r 
ml sample 
where, A = ml titration for sample 
B = mg CaCOa equivalent to 0.01 ml EDTA titrant 
3.7.9 Calcium 
In a conical flask, 50 ml of water sample was taken and neutralized with acid. It 
was boiled for 1 min and then cooled. Then 2 ml of 1 N sodium hydroxide solution 
{Appendix B-4(i)} was added to maintain the pH at 12-13. After the addition of 1-2 drops 
of ammonium purpurate indicator {Appendix B-4(ii)}, it was titrated slowly with 0.01 M 
EDTA {Appendix B-3(i)} and calculated as follows: 
, AXBX400,8 
mg Ca r' = — 
ml sample 
AxBxlOOO 
Calcium hardness as mg CaCOs 1"' = , 
ml sample 
where, A= ml titration for sample 
B=mg CaCOs equivalent to 0.1 ml EDTA titrant at the 
Calcium indicator end point 
3.7.10 Magnesium 
Magnesium was calculated by the following formula: 
Mgl"' Mg = total hardness (as mg CaCOs/l) - calcium hardness (as mg CaCOs/l) x 0.243 
3.7.11 Carbonates and Bicarbonates 
50 ml water sample was taken in a clean flask. To this, 5 drops of phenolphthalein 
indicator {Appendix A-5(i)} was added. The appearance of pink colour indicated the 
presence of carbonates. Then it was titrated against 0.01 N sulphuric acid {Appendix A-
8(ii)} till the solution become colourless. 
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To the solution from the above titration, 2 drops of methyl red solution {Appendix 
A-8(iii)} was added. It was again titrated against 0.01 N sulphuric acid till the colour 
changed from yellow to rose red. This indicated the bicarbonate concentration. 
1000 
Carbonates (meq/1) = 2yxnormaIity of H2 SO4 ^ 
ml of aliquot 
= 2yx2 
1000 
Bicarbonates (meq/1) = (Z-2y) xnormality of H2 SO4 ^ 
ml of aliquot 
= (Z-2y) x2 
where, y = reading of burette for the titration of carbonates 
Z = reading of burette for the titration of bicarbonates 
3.7.12 Chloride 
50 ml of water sample was taken in a flask and to this 0.5 ml potassium chromate 
indicator {Appendix B-6(i)} was added. It was titrated against 0.0141 N silver nitrate 
solution {Appendix B-6(ii)}. Chloride concentration in the sample was calculated as 
follows: 
(A-B)X0.0141X35,450 
CI (mg/1) = ^^  
ml sample 
where, A = ml titration for sample 
B = ml titration for blank 
3.7.13 Nitrate nitrogen 
First nitrate standard was prepared in the range of 0.1 to 1.0 mg 1"' N by diluting 1, 
2, 4, 7 and 10 ml standard nitrate solution to 10 ml with DDW. Residual chlorine in the 
sample was removed by adding 1 drop sodium arsenite solution for each 0.10 mg CI and 
mixed. One drop was added in excess to 50 ml portion. For colour development, numbers 
of reaction tubes were set in wire rack. To each tube 10 ml sample was added. The rack 
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was placed in cool water bath and 2 ml NaCl solution was mixed well. Then 10 ml H2SO4 
was added and cooled. 0.5 ml sulphanilic acid solution {Appendix B-7(i)} was added and 
the tubes swirled to mix and then placed in water bath at not less than 95° C. After 20 
minutes, it was taken out and cooled in a cold water-bath. Reading was taken against a 
reagent blank at 410 nm. Standard curve was prepared from the absorbance values of the 
standard run together with the samples and correlated by subtracting their 'sample blank' 
values from their final absorbance values. The concentration of NO2-N was read directly 
from the standard curve. 
3.7.14 Phosphate 
To a 100 ml sample containing not more than 0.2 mg phosphorus and fee from 
colour and turbidity, 0.05 ml phenolphthalein indicator was added drop wise to discharge 
the pink colour. If more than 0.25 ml was required, smaller sample was taken and diluted 
to 1,000 ml with distilled water. After discharging the pink colour with acid, 4 ml of 
molybdate reagent {Appendix B-8(i)} was added. After 10 minutes, the colour was 
measured spectrophotometrically at 690 nm and comparison with the calibration curve 
was made, using distilled water blank. 
mgPxlOOO 
P(mgl-') = — — 
ml sample 
3.8 Biometric observations 
The observations were carried out at 30 and 20 days interval from 40days after 
sowing (40DAS) till 90 days after sowing (90DAS) and at harvest stage. One plant from 
each pot was uprooted carefiilly from soil level at various sampling stages and washed 
gently to clear all the adhering particles for analysis of different growth and physiological 
parameters. At harvesting period, various yield parameters were recorded. 
3.8.1 Growth parameters 
The following growth characteristics were studied at 40, 70 and 90 DAS (day after 
sowing) using Standard methods. 
1. Shoot length plant"' 
2. Root length plant'' 
3. Shoot fresh weight plant'' 
4. Root fresh weight plant'' 
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5. Shoot dry weight plant"' 
6. Root dry weight plant'' 
7. Leaf area plant'' 
For assessing dry weight three plants from each treatment were collected and 
washed well with tap water. These sampled plants were divided into different parts like 
root and shoot then dried in hot air oven at 80°C for two days and weighed on electronic 
and physical balance and weight was recorded as dry weight. 
3.8.2 Physiological parameters 
The following physiological parameters were studied at 40, 70 and 90 DAS: 
3.8.2.1 Chlorophyll estimation 
The chlorophyll content in the fresh leaf was estimated following the method 
worked out by Mac kinney (1941). 
1 gm of finely cut fresh leaves was ground to a fine pulp using a mortar and pestle 
after pouring 20 cm^ of 80% acetone. The mixture was centriftiged at 5,000 rpm for 5 
min. The supernatant was collected in 100 cm^ volumetric flask. The residue was washed 
three times, using 80% acetone {Appendix C-1}. Each washing was collected in the same 
volumetric flask and volume was made upto the mark, using 80% acetone. The 
absorbance was read at 645 and 663 nm against the blank (80% acetone) on a 
spectrophotometer. The chlorophyll content present in the extract (mg kg"' tissue) was 
calculated using the following equations: 
V 
mg chlorophyll A kg"' tissue=12.7(A663)-2.69(A645 Y 
mg chlorophyll B kg"' tissue=22.9(A645)-4.68(A663)x 
total chlorophyll content=20.2(A645)+8.02(A663)x 
1000 XW 
V 
loooxw 
V 
lOOOxW 
where, A= absorbance of specific wavelengths 
V= final volume of chlorophyll extraction in 80% acetone 
W= fresh mass of tissue used for extraction 
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3.8.2.2 Leaf NPK estimation 
Nitrogen, phosphorus and potassium content were estimated in dried powder of 
leaves at three growth sampling stages. For estimation of these nutrients, the leaf powder 
was digested according to standard technique described below-
Digestion of leaf powder 
Sample powder was digested according to Lindner (1944) for the estimation of N, 
P and K.lOO mg of oven dried powder was taken in a 50 ml Kjeldahl flask to which, 2 ml 
of concentrated sulphuric acid was added and the mixture was heated in digestion 
assembly at WQ for about 2 hrs to allow complete reduction of nitrates present in the 
plant material. After the time of 2 hrs, the colour of the mixture turned black. After 
cooling the flask for about 15 minutes, 0.5 ml of chemically pure 30% hydrogen peroxide 
(H2O2) was added drop by drop and the solution was heated again till the colour of 
solution turned fi-om black to light yellow. Again, after cooling for about 30 min, 3-4 
drops of 30% H2O2 were added, followed by heating for another 5 min. the addition of 
30% H2O2 followed by heating and then cooling was repeated until the content of flask 
become colourless. The peroxide-digested material was transferred from digestion tube to 
a 100 ml volumetric flask with three washing of DDW. The volume of the volumetric 
flask was then made up to the mark with DDW. 
Nitrogen content 
Nitrogen was estimated following the method of Lindner (1944).A 10 ml of 
aliquot of the peroxide digested material was taken in a 50 ml volumetric flask and to 
which 2 ml of 2.5N sodium hydroxide {Appendix C-2(i)} and 1 ml of 10% sodium 
silicate solution {Appendix C-2(ii)} was added to neutralize excess of acid and to prevent 
turbidity respectively. The volume of the solution was made upto the mark with the help 
of distilled water. 5 ml aliquot of this solution was taken in a test tube and 0.5 ml of 
Nessler's reagent {Appendix C-2(iii)} was added. The final volume was made 10 ml with 
the distilled water. The content of the test tube allowed standing for 5 min for maximum 
colour development. The solution was then transferred to a spectrophotometric tube and 
optical density was read using spectrophotometer, at 525 nm. The reading of each sample 
was compared with a standard calibration curve and nitrogen was expressed in terms of 
percentage on dry weight basis. 
Standard curve for nitrogen 
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A Standard curve was prepared by taking 25 mg of ammonium sulphate dissolved 
in sufficient DDW and the final volume was made 500 ml with DDW. From this solution 
0.1, 0.2, 0.3 1.0 ml aliquots were pipette into ten test tubes separately. The solution 
in each test tube diluted to 5 ml Nessler's reagent was added. After 5 min, the optical 
density was read at 525 nm using spectrophotometer. Standard curve was plotted using 
known graded concentration of ammonium sulphate solution verses optical density. 
Phosphorus content 
Phosphorus content was estimated according to the method of Fiske and Subba 
Raw (1925). 
A 5 ml of aliquot from each sample was taken in 10 ml graduated test tubes. To 
each test tube 1 ml of molybdic acid reagent {Appendix C-2(iv)} was added carefully by 
the addition of 0.4 ml of 1-amino 2-naphthol 4-sulphonic acid {Appendix C-2(v)}. The 
colour turned blue. The solution was made upto 10 ml with the help of double distilled 
water. The solution was shaken for 5 minutes and then transferred to a colorimetric tube 
to observe the optical density in 'Spectronic-20' at 620 nm. Simultaneously a blank 
prepared by taking 5 ml of DDW +1 ml of molybdic acid reagent and 0.4 ml of 1-amino 
2-naphtol 4-sulphonic acid was run with each set of determination. 
A standard solution was prepared by dissolving 350 mg of KH2PO4 in 500 ml of 
DDW to which 10 ml of 10 N sulphuric acid {Appendix C-2(vii)} was added and the 
final volume was made upto 1000ml with the help of DDW. From this stock solution 
different test tubes and each test tube was marked by its concentration. In each test tube 1 
ml of molybdic acid reagent and 0.4 ml of 1 -amino 2-naphthol 4-sulphonic acid was 
added. After 5 minutes O.D. was read at 620 nm in a spectrophotometer. A standard 
curve was prepared using different dilutions of KH2PO4 solution versus optical density. 
With the help of this standard curve the content of phosphorus in the leaf powder in terms 
of percentage was determined. 
Potassium content 
It was estimated with the help of flame photometer. 10 ml aliquot was taken and 
read by using the filter for potassium. A blank was also run side by side with each set of 
determination. The readings were compared with calibration curve plotted using known 
dilutions of standard potassium chloride solution. For standard curve for potassium 1.91 
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gm potassium chloride was dissolved in 100 ml DDW, of which 1 ml solution was diluted 
to 1000 ml. The resulting solution was of 10 ppm potassium. From this 1, 2, 3, 4, 5, 6, 7, 
8, 9 and 10 ml solution was transferred to 10 vials separately. The solution in each vial 
was diluted to 10 ml. The diluted solution of each vial was run separately. A blank was 
also run with each set of determination. Standard curve was prepared using different 
dilutions of potassium chloride solution versus readings on the scale of galvanometer. 
The amount of potassium present in sample was determined with the help of standard 
curve. 
3.9.3 Yield parameters 
Following parameters which contributed for the final produce was recorded at 
harvest. 
1. Number of pods plant'' 
2. Number of seed pod"' 
3. Seed yield plant"' 
4. Biological yield plant"' 
5. 1000 seed weight plant"' 
6. Harvex Index 
Total seeds threshed out of dried plant samples of each treatment were cleaned 
and allowed to dry under the sun for few hours and the weight was recorded to complete 
the seed yield. Total biological yield was recorded after drying the entire plant in the sun 
to make the weight constant. While for harvest index it was computed by dividing the 
seed yield by biomass and expressed in percentage 
. , Seed yield . _,_ 
Harvest mdex (%) = X 1 0 0 
Biological yield 
3.9.4 Seed quality parameters 
3.9.4.1 Oil content 
After separating the seed samples from extracneous material were crushed to get a 
fine meal for extracting the oil. The oil was analysed for oil content quality. 
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10 g of ground seeds meal was transferred to soxhlet apparatus and sufficient 
quantity of petroleum ether was added. The apparatus was kept on hot water bath running 
at 60°C for about 6 hr for complete extraction of the oil. The petroleum ether from 
extracted oil was evaporated after some time. The extracted oil was expressed as a 
percentage by mass of the seeds and calculated by following formula-
mo 
Oil content (%) = x 100 
ms 
where, mo = sum of the mass of oil 
ms = seed sample mass 
3.9.4.2 Oil yield 
The % oil content when multiplied with seed yield gave the oil yield. 
Oil yield = oil content x seed yield 
3.10 Determination of heavy metals 
Since the crop received wastewater effluents, soil and plant parts can be expected 
to accumulate some heavy metals, which were present in the water. Therefore it was 
decided to analyze the following heavy metals i.e Zinc (Zn), Copper (Cu), Nickel (Ni) 
and Lead (Pb). 
3.10.1 Atomic absorption spectrophotometer 
GBS; SenaAA model of double beam atomic absorption spectrophotometer was used to 
determining the concentration of heavy metals in sample. 
3.10.2 Reagents 
Only analytical grade reagents were used throughout the study. Standard solutions 
were prepared using double distilled water. 
3.10.3 Heavy metal analysis in wastewater irrigated soil and plants 
Sample of soil and plants were collected from the wastewater irrigated 
experimental pots at the harvesting. For the analysis of heavy metals , it was prior to 
digestion of samples. 
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3.10.3.1 Digestion of soil samples 
This method was adopted by Baker and Amerchar (1982) used the mixture of HF-
HNO3-HCIO4-H2SO4 for digestion and determination of heavy metals in soils. This 
method wad based on the aqua regia digestion method. 
Air dried samples of soils and plants were grovmd and passed through a 2 mm 
sieve. A 2g sample was transferred to telfon beaker and 25ml of distilled water and 2ml 
of concentrated HNO3 was added and allowed to dryness on hot plate. This was followed 
by the addition of three drops of concentrated H2SO4 and 10ml of HF. The sample was 
then placed on a sand bath while the temperature slowly raised to 200°C and was allowed 
to evaporate to dryness. This was followed by the addition of 15ml of concentrated 
HNO3, 2ml of H2SO4, and 5ml of HCIO4. Heat in was continued until strong fumes of 
SO3 were produced. The beaker was cooled and the solution is transferred to 50ml 
volumetric flask and makes the volume up to mark by adding of DDW. Then the aliquot 
of digested material was taken and determined the concentration of metals by AAS. 
3.10.3.2 Digestion of plant samples 
The digestion method in plant sample and analysis of metals was estimated 
following the method worked out by Jackson (1973) and Gaines and Mitchell (1979). 
Plant samples after washing with 0.0 IM NaEDTA (Sodium diamine tetra acetic 
acid) were rinsed with distilled water and then dried in oven at 70°C for 24 hours. Dried 
plant sample then ground and passed through 1mm sieve. A 2 g sample was taken in a 
beaker and digestion was carried out with the 20 ml of acid mixture of HCIO4: HNO3 (1: 
2) at 120°C for 75 minutes. The process was repeated with cooling until the solution 
become clear. The beaker was cooled and the solution was transferred to 50ml volumetric 
flask and made the volume up to mark by adding DDW. After digestion analysis of 
metals on atomic absorption spectrophotometer was carried out 
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Chapter-4 
EXPERIMENTAL RESULTS 
In this pot experiment conducted on four cultivars of Brassica i.e B. campestris 
cv. Pusa Gold, B.juncea cv. Pusa Bold, B. napus cv. GLS-1 and B. nigra cv. IC-247, the 
comparative effect of irrigation water and capability of the cultivars to concentrate/ 
accumulate the cv.ious heavy metals, were studied. The growth parameters studied 
included shoot and root length, shoot fresh and dry mass, root fresh and dry mass, leaf 
area while physiological parameters included total chlorophyll content, nitrogen (N), 
phosphorus (P) and potassium (K) content, and finally at harvesting 8 yield parameters 
includes number of pods plant'', number of seed pod"', 1000 seed weight, seed yield, 
biological yield, harvest index, oil content and oil yield were studied. The growth and 
physiological parameters were studied at 40, 70 and 90 days after sowing (DAS). Only 
significant data are briefly described below: 
4.1 Growth Parameters 
4.1.1 Shoot length plant'* 
Wastewater (WW) proved better in increasing the height of plants recording an 
increase of 16.42%, 1.86% and 1.69% over GW at 40, 70 and 90 DAS respectively (Table 
5a). Among the four cultivars, B. j'uncea cv. P. Bold performed better at the first two 
sampling stages recording an increase of 26.08% and 3.17% over B. campestris cv. P. 
Gold. However at the last sampling stage B. nigra cv. IC-247 performed better and was 
closely followed by B. juncea cv. Pusa Bold. 
Regarding the interactions, WWx5. juncea cv. Pusa Bold performed better at first 
two sampling stages showing an increase of 51.52% and 5.44% over GWx5. campestris 
cv. P. Gold. The former cultivars together with GW also performed better than the rest of 
the combinations. 
4.1.2 Root length plant'' 
Like shoot length, wastewater also proved beneficial in enhancing the root length 
at all three sampling stages which were studied (Table 5a). WW showed better response 
in comparison to GW by recording an increase of 7.15%), 7.88%) and 8.17%) at 40, 70 and 
90 DAS respectively Among four cultivars of Brassica, B. juncea cv. P. Bold proved 
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Table 5. Effect of ground water (GW) and wastewater (WW) on root and shoot 
length (cm plant') of four cultivars of Brassica at 40, 70 and 90 days after 
sowing (DAS). 
(a) Shoot length 
Brassica cultivars 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv.GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
Mean 
23.43 27.33 25.38 96.20 98.33 97.27 
28.50 35.50 32.00 99.27 101.43 100.35 
19.87 23.07 21.47 78.63 80.40 79.52 
18.07 18.73 18.40 98.73 99.60 99.17 
Mean 22.47 26.16 93.21 94.94 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
105.00 103.33 
108.67 106.67 
105.33 103.33 
115.00 128.00 
104.17 Water 1.365 0.448 1.129 
107.67 Crop 0.730 0.239 0.604 
104.33 Interaction 1.931 0.633 1.597 
121.50 
108.50 110.33 
(b) Root length 
40 DAS 70 DAS 
orassica cu invars GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 8.77 10.17 9.47 12.94 13.39 13.17 
B. juncea 
cv. P. Bold 
10.57 11.70 11.13 17.23 18.47 17.85 
B. napus 
cv. GLS-1 
10.57 10.73 10.65 16.29 18.22 17.26 
B. nigra 
cv. IC-247 
9.77 9.90 9.83 15.48 16.78 16.13 
Mean 9.92 10.63 15.49 16.71 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
17.67 18.00 17.83 
20.83 23.37 22.10 
20.83 22.33 21.58 
19.00 21.00 20.00 
Water 0.507 0.399 0.611 
Crop 0.271 0.213 0.326 
Interaction 0.716 0.565 0.863 
Mean 19.58 21.18 
N.B.: A uniform doses of Ngo kg ha ' (0.076g kg ' soil), P30 kg ha"' (0.082g kg"' soil) and K30 kg ha'' 
(0.027g kg'' soil) was applied basally. 
superior recording an increase of 17.57%, 35.54% and 23.95% and was followed by B. 
napus cv. GLS-1, B. nigra cv. IC-247 and B. campestris cv. P. Gold at all three sampling 
stages. Similarly regarding the interactions, WWx5. juncea cv. P. Bold significantly 
increased the root length at all the three sampling stages and registered an increase of 
33.41%, 42.74% and 32.26% over GWxB. campestris cv. P. Gold. 
4.1.3 Shoot fresh weight plant' 
Wastewater (WW) proved superior and significant differences in fi-esh weight 
among the four cultivars of Brassica at all three sampling stages was observed and an 
increase of 14.57%, 3.51% and 11.81% over GW was recorded at 40, 70 and 90 DAS 
respectively (Table 6a). Among four cultivars of Brassica, B. napus cv. GLS-1 performed 
better at the two first sampling stages recording an increase of 64.11% and 62.14% 
respectively. However at the last sampling stage B. campestris cv., P. Gold recorded 
maximum value and was followed by B. napus cv. GLS-1. 
Regarding the interaction, WW^B. napus cv.GLS-1 performed better at the first 
two sampling stages and recorded an increase of 92.90% and 67.38% respectively 
however at the last sampling stage WWx5. campestris cv. P. Gold proved better recorded 
an increase of 4.75% over GWx5. campestris cv. P. Gold. 
4.1.4 Root fresh weight plant' 
Here also wastewater (WW) proved superior in enhancing the root fresh weight 
recording an increase of 7.36%, 23.94% and 12.54% over GW at 40, 70 and 90 DAS 
respectively (Table 6b). Like shoot fresh weight, B. napus cv. GLS-1 produced maximum 
values at all the three sampling stages recording an increase of 49.31%, 73.00% and 
13.30% respectively. Regarding the interactions, the combination of WWx B. napus cv. 
GLS-1 recorded higher values at all three sampling stages showing 63.39%, 113.07% and 
36.97% over GWx5. campestris cv. P. Gold. The former cultivars together with GW also 
performed better than other combination at first two sampling stages. Among other 
interactions, lowest value was recorded on GWx5. nigra cv. IC-247, GWx5. juncea cv. 
P. Bold at the first two sampling stages respectively. 
4.1.5 Shoot dry weight plant' 
Wastewater proved superior by giving significantly higher values at the three 
sampling stages studied and registered an increase of 17.20%, 11.52% and 2.52% over 
GW respectively (Table 7a). Among four Brassica cultivars, B. napus cv. GLS-1 
performed better at the first two sampling stages recording an increase of 89.31% and 
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Table 6. Effect of ground water (GW) and wastewater (WW) on root and shoot 
fresh weight (g plant') of four cultivars of Brassica at 40, 70 and 90 days 
after sowing (DAS). 
(a) Shoot fresh weight 
Brassica cultivars 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 
B. Juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
10.57 12.40 11.48 31.33 32.33 31.83 
8.86 9.68 9.27 46.67 47.67 47.17 
17.30 20.39 18.84 50.77 52.44 51.61 
9.69 10.67 10.18 48.00 50.50 49.25 
Mean 11.60 13.29 44.19 45.74 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
68.00 71.23 69.62 
43.00 63.20 53.10 
58.67 60.63 59.65 
58.30 59.83 59.07 
Water 0.760 0.548 3.369 
Crop 0.406 0.293 1.801 
Interaction 1.075 0.775 4.765 
Mean 56.99 63.72 
(b) Root fresh weight 
D 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
0.702 
0.676 
1.003 
0.607 
0.738 
0.682 
1.147 
0.639 
0.720 
0.679 
1.075 
0.623 
1.767 
1.716 
2.705 
1.984 
1.973 
1.957 
3.765 
2.433 
1.870 
1.837 
3.235 
2.209 
Mean 0.747 0.802 2.043 2.532 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
2.976 3.744 3.360 
3.157 3.287 3.222 
3.542 4.071 3.807 
3.355 3.564 3.460 
Water 0.048 0.140 0.211 
Crop 0.026 0.075 0.113 
Interaction 0.068 0.199 0.298 
Mean 3.258 3.667 
N,B.: A uniform doses of Ngo kg ha'' (0.076g 
(0.027g kg'' soil) was applied basally. 
kg ' soil), P30 kg ha'' (0.082g kg'' soil) and K30 kg ha' 
Table 7. Effect of ground water (GW) and wastewater (WW) on root and shoot 
dry weight (g plant"') of four cultivars of Brassica at 40, 70 and 90 days 
after sowing (DAS). 
(a) Shoot dry weight 
Brassica cultivars 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 0.967 0.997 0.982 3.782 
4.326 4.054 
B. juncea 
cv. P. Bold 
0.737 0.802 0.769 5.762 6.368 6.065 
B. napus 
cv. GLS-1 
1.655 2.063 1.859 6.337 6.939 6.638 
B. nigra 
cv. IC-247 
0.872 1.100 0.986 5.339 6.033 5.686 
Mean 1.058 1.240 5.305 5.916 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
Mean 
4.582 5.290 4.936 
6.256 7.357 6.807 
6.922 5.332 6.127 
5.283 5.642 5.462 
Water 0.075 0.051 0.104 
Crop 0.040 0.027 0.056 
Interaction 0.107 0.072 0.147 
5.761 5.905 
(b) Root dry weight 
Brassica cultivars 40 DAS 70 DAS GW WW Mean GW WW Mean 
0.081 0.084 0.083 0.644 0.694 0.669 
0.085 0.088 0.087 0.781 0.735 0.758 
0.164 0.168 0.166 0.831 0.956 0.894 
0.085 0.099 0.092 0.821 0.855 0.838 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
Mean 0.104 0.110 0.769 0.810 
Brassica cultivars 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
90 DAS CD at 5% 
GW WW Mean 40 DAS 70 DAS 90 DAS 
1.050 
1.033 
1.190 
1.071 
1.091 
1.248 
1.379 
1.260 
1.071 
1.140 
1.284 
1.166 
Water 0.004 0.020 0.055 
Crop 0.002 0.011 0.029 
Interaction 0.005 0.028 0.077 
Mean 1.086 1.245 
N.B.: A uniform doses of Ngo kg ha'' (0.076g kg'' 
(0.027g kg'' soil) was applied basally. 
soil), Pjo kg ha ' (0.082g kg ' soil) and K30 kg ha ' 
63.74% respectively and was followed by B. nigra cv. IC-247. However at the last 
sampling stage B. juncea cv. P. Bold performed better and accumulated maximum dry 
mass recording an increase of 37.91% and was closely followed by B. napus cv. GLS-1. 
Regarding the interactions, WWx5. napus cv. GLS-1 was found to be superior at 
the first two sampling stages showing an increase of 113.34% and 83.47% respectively 
however at last stage WW><B. juncea cv. P. Bold performed better showing an increase of 
60.56% over GWx5. campestris cv. P. Gold. 
4.1.6 Root dry weight plant' 
Application of wastewater (WW) proved beneficial showing an increase of 
5.77%, 5.33% and 13.76% over GW at 40, 70 and 90 DAS respectively (Table 7b). 
Among four Brassica cultivars, B. napus cv. GLS-1 performed better in enhancing the 
root dry matter recording an increase of 100%, 33.63% and 19.63% and was followed by 
B. nigra cv. IC-247, B. juncea cv. P. Bold and B. campestris cv. P. Gold at all the three 
sampling stages. Similarly regarding the interactions, WWx5. napus cv. GLS-1 proved 
best recording an increase of 107.41%, 48.45% and 31.43%) over GWx5. campestris cv. 
P. Gold at all the sampling stages. 
4.1.7 Leaf area plant'' 
Application of wastewater (WW) proved beneficial recorded an increase of 
1.54%, 1.53% and 1.82% over GW at 40, 70 and 90 DAS respectively (Table 8). Among 
four Brassica cultivars, B. napus cv. GLS-1 performed better recorded an increase of 
28.30%, 20.49% and 24.30% over B. campestris cv. P. Gold and followed by B. juncea 
cv. P. Bold, B. campestris cv. P. Gold at all the three sampling stages. Similarly regarding 
the interactions, WWXJB. napus cv. GLS-1 proved best recording an increase of 29.87%, 
22.65% and 27.88% over GW^B. campestris cv. P. Gold at all the sampling stages. 
4.2 Physiological parameters 
4.2.1 Total chlorophyll content 
WW proved efficacious in increasing the total chlorophyll content in leaves 
recording an increase of 3.25%, 6.77% and 5.51% over GW at 40, 70 and 90 DAS 
respectively (Table 9). Among four Brassica cultivars, it was noted that B. napus cv. 
GLS-1 was superior at all the three sampling stages recording an increase of 11.96%, 
8.03% and 9.34% respectively. 
Among the interactions at the first sampling GWx B. napus cv. GLS-1 performed 
better recording an increase of 18.0% over GWx5. campestris cv. P. Gold. However at 
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Table 8. Effect of ground water (GW) and wastewater (WW) on leaf area (cm 
plant"') of four Brassica cultivars oiBrassica at 40, 70 and 90 days after 
sowing (DAS). 
Brassica cultivars 
Leaf area 
40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. compestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. compestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
Mean 
308.00 311.67 309.83 526.99 535.33 531.16 
318.33 326.00 322.17 573.00 577.01 575.01 
395.00 400.00 397.50 633.67 646.33 640.00 
300.00 304.00 302.00 514.33 523.68 519.01 
Mean 330.33 335.42 562.00 570.59 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
452.00 474.00 
493.00 498.00 
573.00 578.00 
464.00 468.00 
463.00 Water 1.242 2.682 7.189 
495.50 Crop 0.664 1.434 3.843 
575.50 Interaction 1.757 3.793 10.167 
466.00 
495.50 504.50 
"T-N.B.: A uniform doses of Ngo kg ha"' (0.076g kg" soil), P30 kg ha" (0.082g kg" soil) and K30 kg ha" 
(0.027gkg' soil) was applied basally. 
Table 9. Effect of ground water (GW) and wastewater (WW) on total chlorophyll 
content (mg g"' fresh mass) of four cultivars of Brassica at 40, 70 and 90 days 
after sowing (DAS). 
Brassica cultivars 
Total Chlorophyll 
40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 
B. Juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
Mean 
0.861 0.945 0.903 0.749 0.821 0.785 
0.934 0.968 0.951 0.763 0.783 0.773 
1.016 1.005 1.011 0.830 0.866 0.848 
0.905 0.916 0.910 0.751 0.832 0.792 
Mean 0.929 0.959 0.773 0.826 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
0.620 0.686 
0.630 0.665 
0.703 0.725 
0.660 0.678 
0.653 Water 0.022 0.024 0.018 
0.648 Crop 0.012 0.013 0.010 
0.714 Interaction 0.031 0.034 0.025 
0.669 
0.653 0.689 
T" N.B.: A uniform doses of Ngo kg ha"' (0.076g kg"' soil), Pjo kg ha ' (0.082g kg ' soil) and Kjo kg ha"' 
(0.027g kg"' soil) was applied basally. 
the last two sampling stages WWx B. mpus cv. GLS-1 performed better by showing an 
increase of 15.62% and 16.94% respectively. It was noted that chlorophyll content 
decreased with age of the plants. 
4.2.2 Leaf N, P and K contents 
4.2.2.1 Nitrogen content 
Application of WW proved beneficial in increasing the nitrogen content of leaves 
recording an increase of 5.08%, 9.09% and 2.55% over GW at 40, 70 and 90 DAS 
respectively (Table 10a). Among four Brassica cultivars, B. juncea cv. P. Bold proved 
best recording an increase of 20.09%, 21.24% and 26.48% at all the three sampling stages 
respectively and was followed by B. nigra cv. IC-247. Regarding the interactions, 
^'^xB. juncea cv. P. Bold performed better showing an increase of 21.51%, 30.27% and 
28.42 over GWx5. campestris cv. P. Gold at all the three sampling stages. It was also 
observed that the leaf nitrogen content decreased with the age of plant. 
4.2.2.2 Phosphorus content 
Here also application of WW proved superior recording an increase of 3.85%, 
0.86% and 0.92% at 40, 70 and 90 DAS respectively (Table 10b). Among various 
cultivars, B. juncea cv. P. Bold performed better in increasing the phosphorus content at 
the first sampling stage recording an increase of 2.74%. However at the last two sampling 
stages B. nigra cv. IC-247 proved superior by showing an increase of 3.84% and 5.65% 
respectively and closely followed by B. juncea cv. P. Bold. Regarding the interactions, 
unlike nitrogen content WWx B. nigra cv. IC-247 proved best at all sampling stages by 
showing an increase of 6.54%, 4.55% and 6.38% over GWx5. campestris cv. P. Gold. 
The phosphorus content also decreased with increase the life of leaves. 
4.2.2.3 Potassium content 
From the table 11, it was evident that WW application increased leaf potassium 
content significantly and recorded an increase of 4.70%, 4.75% and 2.44% over GW at 
40, 70 and 90 DAS respectively. Among Brassica cultivars, just like leaf nitrogen and 
phosphorus content B. juncea cv. P. Bold proved superior at all three sampling stages 
recorded an increase of 9.09%, 9.90% and 10.42% and was closely followed by B. napus 
cv. GLS-1. Regarding the interactions, V^^^B. juncea cv. P. Bold performed better than 
other interaction recording an increase of 14.76%, 15.00% and 19.53% over GWx5. 
campestris cv. P. Gold at all the three sampling stages. The lowest values were recorded 
among GWx B. nigra cv. IC-247 at the first two sampling stages. However at the last 
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Table 10. Effect of ground water (GW) and wastewater (WW) on nitrogen (N) 
and phosphorus (P) content (%) of four cultivars of Brassica at 40, 70 and 
90 days after sowing (DAS). 
(a) N content 
Brassica cultivars 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. lC-247 
B. campestris 
cv. P. Gold 
B. Juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. lC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. lC-247 
4.57 4.88 4.73 4.03 4.36 4.19 
5.53 5.83 5.68 4.92 5.25 5.08 
5.10 5.30 5.20 4.26 4.95 4.60 
5.30 5.50 5.40 4.82 5.14 4.98 
Mean 5.12 5.38 4.51 4.92 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
3.87 3.91 3.89 
4.87 4.97 4.92 
3.96 4.08 4.02 
4.56 4.76 4.66 
Water 0.050 0.141 0.056 
Crop 0.027 0.075 0.030 
Interaction 0.071 0.199 0.079 
Mean 4.32 4.43 
(b) P content 
D 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
0.642 
0.670 
0.636 
0.653 
0.672 
0.680 
0.665 
0.684 
0.657 
0.675 
0.651 
0.669 
0.572 
0.580 
0.579 
0.591 
0.574 
0.588 
0.585 
0.598 
0.573 
0.584 
0.582 
0.595 
Mean 0.650 0.675 0.581 0.586 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
0.423 0.427 0.425 
0.433 0.441 0.437 
0.429 0.431 0.430 
0.447 0.450 0.449 
Water 0.0014 0.0018 0.0021 
Crop 0.0008 0.0010 0.0011 
Interaction 0.0020 0.0025 0.0030 
Mean 0.433 0.437 
N.B.: A uniform doses of Ngo kg ha"' (0.076g kg'' soil), P30 kg ha"' (0.082g kg"' soil) and K30 kg ha"' 
(0.027g kg"' soil) was applied basally. 
Table 11. Effect of ground water (GW) and wastewater (WW) on potassium (K) 
content (%) of four cultivars of Brassica at 40, 70 and 90 days after 
sowing (DAS). 
K content 
Brassica cultivars 40 DAS 70 DAS 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. lC-247 
Mean 
4.20 4.38 4.29 4.00 4.08 4.04 
4.54 4.82 4.68 4.27 4.60 4.44 
4.50 4.65 4.58 4.27 4.38 4.33 
3.81 4.00 3.91 3.46 3.70 3.58 
Mean 4.26 4.46 4.00 4.19 
90 DAS CD at 5% 
Brassica cultivars GW WW Mean 40 DAS 70 DAS 90 DAS 
3.43 3.67 3.55 Water 0.035 0.063 0.022 
3.74 4.10 3.92 Crop 0.019 0.033 0.012 
3.64 4.09 3.87 Interaction 0.050 0.089 0.030 
3.97 3.26 3.62 
3.69 3.78 
N.B.: A uniform doses of Ngo kg ha'' (0.076g kg"' soil), P30 kg ha ' (0.082g kg"' soil) and K30 kg ha'' 
(0.027g kg'' soil) was applied basally. 
sampling stage, the former culticv. together with WW was also poor. Like nitrogen and 
phosphorus content of leaves, the potassium content also decreased with the age of plant. 
4.3 Yield Parameters 
The yield parameters significantly differed among the four Brassica cultivars as 
well as among the water treatment. 
4.3.1 Number of pods plant"' 
WW irrigated plants produced more pods as compared to the plants irrigated with 
GW (Table 12a). It recorded an increase of 3.45% over GW. Among various Brassica 
cultivars, B. nigra cv. IC-247 proved best by showing an increase of 113.89% followed 
by B. napus cv. GLS-1, B. juncea cv. P. Bold and B. campestris cv. P. Gold. The 
interaction between irrigation waters and cv.ious cultivars proved to be non- significant. 
4.3.2 Number of seeds pod'^  
Application of WW proved beneficial in increasing the seeds per pods recording 
an increase of 14.74% over GW (Table 12b). Among various Brassica cultivars, B. 
campestris cv. P. Gold recorded with maximum value followed by B. napus cv. GLS-1, 
B. juncea cv.P. Bold and B. nigra cv. IC-247. Regarding the interactions, it was observed 
that WWx B. campestris cv. P. Gold performed better recording an increasing of 4.37% 
over GWx5. campestris cv. P. Gold. The poorest value was recorded in GWx B. nigra 
cv. IC-247 with 54.34% decrease in seeds number per pod. 
4.3.3 1000 seed weight 
Wastewater proved efficacious in enhancing the 100 seed weight recording an 
increase of 19.66% over ground water (Table 12c). Among four Brassica cultivars, B. 
napus cv. GLS-1 performed better in increasing the 1000 seed weight showing an 
increase of 2.68% over B. campestris cv. P. Gold. However B. juncea cv. P. Bold and B. 
nigra cv. IC-247 showed a decrease of 2.27% and 11.12)% respectively over B. 
campestris cultivars. Regarding the interactions, WWx5. napus cv. GLS-1 performed 
better recorded an increase of 20.76% over. The lowest value was recorded on GWx B. 
nigra cv. IC-247. 
4.3.4 Biological yield plant' 
Like seed yield WW showed beneficial effect in enhancing the biomass and 
registered an increase of 6.16% over GW (Table 12d). Among the four Brassica cultivars, 
B. juncea cv. P. Bold found to be superior in increasing the total biomass recording an 
45 
Table 12. Effect of ground water (GW) and wastewater (WW) on number of 
pods plant ^ number of seeds pot"', 1000 seed weight (g plant'), biological 
yield (g plant'), seed yield (g plant'), and harvest index (%) of four 
cultivars of Brassica at harvesting. 
Brassica cultivars Number of pods Number of seeds 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 53.00 55.00 
54.00 15.33 
B. juncea 
cv. P. Bold 61.00 64.00 62.50 11.00 
B. napus 
cv. GLS-1 
91.00 94.00 92.50 12.00 
B. nigra 
cv. lC-247 
114.00 117.00 115.50 7.00 
16.00 
13.00 
15.00 
8.00 
15.67 
12.00 
13.50 
7.50 
Mean 79.75 82.50 11.33 13.00 
1000 seed weight CD at 5% 
Brassica cultivars GW WW Mean Pods Seeds Plant"' Pod"' 
1000 seed 
weight 
B. campestris 
cv. P. Gold 4.48 
B. Juncea 
cv. P. Bold 4.30 
B. napus 
cv. GLS-1 4.55 
B. nigra 
cv. IC-247 0.93 
5.22 4.85 Water 1.29 
5.17 4.74 Crop 0.69 
4.55 4.98 Interaction NS 
1.22 1.08 
0.689 0.019 
0.368 0.010 
0.974 0.027 
Mean 3.56 4.26 
Biological yield Seed yield 
Brassica cultivars GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 
B. juncea 
cv. P. Bold 
B. napus 
cv. GLS-1 
B. nigra 
cv. IC-247 
22.67 24.33 23.50 3.063 3.072 3.067 
24.33 25.30 24.82 2.473 2.475 2.474 
22.67 26.50 24.58 2.660 2.663 2.662 
21.77 24.93 23.35 1.563 1.566 1.565 
Mean 22.86 25.27 2.440 2.444 
Harvest index CD at 5% 
Brassica cultivars GW WW Mean Biological Seed yield yield 
Harvest 
index 
B. campestris 13.52 15.34 14.43 
cv. P. Gold 
B. juncea 10.18 12.25 11.21 
cv. P. Bold 
B. napus 11.75 12.41 12.08 
cv. GLS-1 
B. nigra 7.18 8.63 7.91 
cv. IC-247 
Water 0.973 0.0015 0.457 
Crop 0.520 0.0008 0.244 
Interaction 1.376 0.0022 0.646 
Mean 10.66 12.16 
N.B,: A uniform doses of Ngo kg ha"' (0.076g kg"' soil), P30 kg ha"' (0.082g kg"' soil) and K30 kg ha' 
(0.027g kg"' soil) was applied basally. NS=Non-significant 
increase of 5.74% and was closely followed by B. napus cv. GLS-1. As far as interaction 
effect considered, WWx B. napus cv. GLS-1 performed better showing an increase 
12.56% over GWx5. campestris cv. P. Gold and was closely followed by GWx B.juncea 
cv. P. Bold. The lowest value was recorded in GWx B. nigra cv. IC-247. 
4.3.5 Seed yield plant' 
Irrigation of WW proved beneficial in enhancing the seed yield in four Brassica 
cultivars as compared to GW recording an increase of 20.04% (Table 12e). Among the 
four Brassica cultivars, it was observed that B juncea cv. P. Bold performed better 
recording an increase of 20.71% and was closely followed by B. napus cv. GLS-1. 
Regarding the interaction effect, WWx B juncea cv. P. Bold performed better recording 
16.62% increase seed yield among cv.ious combinations whereas the lowest value was 
recorded in GWx B. nigra cv. IC-247. 
4.3.6 Harvest Index 
Like other yield parameters, harvex index increased in the plants irrigated with 
WW in comparison to the plants irrigated with GW (Table 12f). WW showed an 
increased of 14.29% over GW. Among the four various Brassica cultivars, it was 
observed that B. juncea cv. P. Bold also performed better recording an increase of 15.38% 
and closely followed by B. napus cv. GLS-1. Regarding the interactions, WWx B.juncea 
cv. P. Bold showed best result with 13.74% increased over GWx B. campestris cv. P. 
Gold. The lowest value was recorded in GWx B. nigra cv. IC-247. 
4.4 Seed Quality parameters 
4.4.1 Oil content plant' 
Slight increase in oil content was recorded in seeds obtained from WW irrigated 
plants than those seeds obtained from plants irrigated with GW. It recorded an increase of 
3.18% over GW (Table 13a). Among four Brassica cultivars, the seeds of B.juncea cv. P. 
Bold recorded higher oil content with an increase of 1.82% over B. campestris cv, P. 
Gold. Regarding the interaction WWx B.juncea cv. P. Bold performed better than rest of 
the combination by showing an increase of 4.35%. The lowest value recorded in GWx B. 
nigra cv. IC-247. 
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Table 13. Effect of ground water (GW) and wastewater (WW) on oil content and 
oil yield of four cultivars ofBrassica at harvesting. 
Brassica 
cultivars Oil content Oil yield 
GW WW Mean GW WW Mean 
B. campestris 
cv. P. Gold 39.82 40.38 40.10 98.47 120.13 109.30 
B. Juncea 
cv. P. Bold 
40.11 41.55 40.83 122.85 147.80 135.33 
B. napus 
cv. GLS-1 36.11 38.62 37.36 96.06 122.16 109.11 
B. nigra 
cv. IC-247 
35.97 36.30 36.14 56.22 75.00 65.61 
Mean 38.00 39.21 93.36 16.25 
CD at 5% 
Oil content Oil yield 
Water 
Crop 
Interaction 
0.039 
0.021 
0.055 
0.121 
0.065 
0.171 
N.B.: A uniform doses of Ngo kg ha' (0.076g kg'' soil), P30 kg ha'' (0.082g kg' soil) and K30 kg ha"' 
(0.027g kg'' soil) was applied basally. 
4.4.2 Oil Yield plant* 
Like other yield attributing parameters consider so far, WW application proved 
beneficial in enhancing oil yield recording an increase of 24.52% over GW (Table 13b). 
Among vaJrious Brassica cultivars, B. juncea cv. P. Bold proved superior recording an 
increase of 23.82% followed by B. campestris cv. P. Gold. Regarding interaction, WWx 
B. juncea cv. P. Bold proved best in comparison to other interaction by showing an 
increase of 18.28% over B. campestris cv. P. Gold. The lowest value was recorded in 
GWx B. nigra cv. IC-247. 
4.5 Heavy metal concentration in four Brassica cultivars 
Heavy metal concentration in shoot and root was observed but only in plants 
receiving wastewater as the source of irrigation water. The four Brassica cultivars 
showed difference in the response to concentrate/ accumulate the various heavy metals in 
their roots and shoots absorbed from wastewater contaminated soil It was also observed 
that the order of accumulation of heavy metals concentration in shoot was Zn > Pb > Cu > 
Ni however in root the order was Zn > Cu > Pb > Ni (Table 14). 
4.5.1 Ni concentration 
Among the four Brassica cultivars, B. campestris cv. P. Gold accumulated higher 
concentration of Ni in shoots (18.20 mg kg"' dry matter), followed by B. napus cv. GLS-
1, B. nigra cv. IC-247 and B. juncea cv. P. Bold. On contrarory B. campestris cv. P. Gold 
accumulate lowest concentration of Ni in roots (4.0 mg kg"' dry matter). While the highest 
concentration was recorded in the root of B. nigra cv. IC-247 recorded 16.2 mg kg''dry 
matter (DM). 
4.5.2 Pb concentration 
Among the four Brassica cultivars B. juncea cv. P. Bold accumulated higher 
concentration of Pb (56.8 mg kg"' DM) in shoots followed by B. napus cv. GLS-1, B. 
nigra cv. IC-247 and B. campestris cv. P. Gold. Similarly in roots, significantly higher 
concentration was accumulated in B. juncea cv. P. Bold (7.9 mg kg"' DM) followed by B. 
campestris cv. P. Gold and B. napus cv. GLS-1 and B. nigra cv. IC-247 recording the 
values 17.9 mg kg"', 17.6 mg kg"' and 17.1 mg kg"'DM respectively. 
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Table 14a. Total heavy concentration (mg kg"' DM) in shoot and root of four 
Brassica cultivars grown in wastewater irrigated soil. 
Brassica cultivars 
Ni Pb Zn Cu 
concentration concentration concentration concentration 
Shoot Root Shoot Root Shoot Root Shoot Root 
B. campestris cv. 
P. Gold 18.20 4.0 22.8 17.2 190.6 63.5 14.5 30.9 
B. Juncea cv. 
P. Bold 5.7 5.4 55.8 17.9 130.1 75.2 22.0 51.5 
B. tiapus 
cv. GLS-1 14.2 10.2 36.9 17.1 146.8 64.4 6.2 64.5 
B. nigra 
cv. IC-247 13.5 16.2 26.9 14.1 118.9 74.5 10.2 62.2 
CD at 5% 1.43 1.11 4.34 1.88 16.47 7.78 1.59 6.13 
Values of mean of 3 replicates 
Table 14b. Range of heavy metal concentration according to Pendias and pendias (1992) 
Heavy metals 
Toxic or excessive limit for 
plants (PPM DW). 
Pendias and pendias (1992) 
Ni 
Pb 
Zn 
Cu 
10-100 
20-200 
100-400 
30-300 
S^fiouMUxtal TRualU 
4.5.3 Zn concentration 
Among the four Brassica cultivars, B. campestris cv. P. Gold accumulated higher 
Zn concentration in shoots (190.6 mg kg''DM) followed by B. napus cv. GLS-1, B. 
juncea cv. P. Bold and B. nigra cv. IC-247. On contrarory the former cultivars 
accumulated lowest Zn concentration in roots (63.5 mg kg'' DM). While the highest Zn 
concentration was recorded in roots of both B. juncea cv. P. Bold and B. nigra cv. IC-247 
(75.2 and 74.5 mg kg"'DM respectively), closely followed by B. napus cv. GLS-1. 
4.5.4 Cu concentration 
The Cu concentration was highest in the shoots of B. juncea cv. P. Bold (22.0 mg 
kg''DM) followed by B. campestris cv. P. Gold, B. nigra cv. IC-247 and B. napus cv. 
GLS-1. However in roots the concentration of metal was higher in B. napus cv. GLS-1 
(64.5 mg kg"'DM) closely followed by B. nigra cv. IC-247, B. juncea cv. P. Bold and B. 
campestris cv. P. Gold. 
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DISCUSSION 
The analysis of the urban wastewater has revealed that it was alkaline and the 
average EC, pH, TDS and the observed nutrients including some heavy metals also were 
within the permissible limits of FAO guidelines for irrigation water quality except for K* 
(Ayers and Wescot, 1994) though they all were higher than that of ground water. The 
major effect of EC and TDS on crop productivity is the inability of the plants to compete 
with ions present in the soil for water while the chloride content of 98.37mg f' was also 
comparatively low and may not cause toxicity problems. When nutrients are added 
through effluents and they are either equal or less than the demand of the crop, the build 
up in the soil is normally minimal. There are reports where it has been shovm that the 
continuous use of effluents may result in the accumulation of nitrate in the soil (Vazquez-
Montial et al., 1996) and is subject to move to down layers (Cameron et ah, 1997) which 
may ultimately result in the contamination of ground water. Although in various studies, 
dilution has been described as an effective means to minimize the toxicity and under 
current experimental conditions since the source of irrigation was the urban sewage 
wastewater which was sufficiently diluted automatically due to the mixing of the 
household wastewater. 
The wastewater contained considerable amount of nutrients which are considered 
essential for maintaining the soil fertility as well as for enhancing the plant growth and 
productivity. Wastewater in general proved beneficial in increasing the plant growth 
characteristics and dry matter accumulation was higher in plants receiving it as a source 
of irrigation water compared to those receiving ground water (GW). WW irrigated plants 
recorded much more dry matter than those irrigated with GW. This is primarily due to the 
retention of the effluent components mainly due the incorporation of the elements in the 
dry matter of plants leading to decreasing concentration in the surrounding ground and 
surface waters. Wastewater contained nitrogen in both nitrate as well as in the form of 
ammonia and as the vegetative growth includes formation of new leaves, stems and roots, 
the involvement of N through protein metabolism controls them. This was also clearly 
indicated by the observed enhanced growth and N content in the leaves under the 
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wastewater irrigation (Table 5 and 10a). Suitability of NH4"^  or NO3" for the growth and 
development of plants depends upon many factors (Kirkby, 1981). However, normally the 
highest growth rate and plant yield are obtained by combined supply of both and 
therefore, in the present study, the improvement in growth could be due to the cumulative 
effect of ammonium as well as nitrate ions together. It is noteworthy that applied NH4^-N 
is toxic for some higher plants including bean and pea (Maynard and Barker, 1969), 
however, in presence of NOs'-N, it has been reported to benefit sunflower (Weissman, 
1964) and wheat (Cox and Reisenavar, 1973) and thus the observed nutritional superiority 
of the wastewater (containing both ammonium-N and nitrate-N) for growth of four 
cultivars of Brassica was not exceptional and possibly explains the reason of better 
performance of the crop grown under the its irrigation and among the cultivars, Brassica 
napus cv. GLS-1 performed better and recorded maximum dry matter accumulation. 
Another possible explanation of the increased dry matter is possibly because of the 
increased leaf area and expansion (Table 8) which might have influenced the light 
absorption within a plant, thereby led to the CO2 assimilation and photosynthetic 
production. The increase in the leaf area brought about by N supply causing the 
expansion of the individual leaves was also reported by Taylor et al. (1993) and Gastal 
and Lemaire (2002) which may be through its effect on cell division and cell expansion 
(Lemaire, 2001). 
Besides nitrogen, phosphorus when supplied in limiting amounts has much greater 
impact on growth than on photosynthesis has been reported in sugarbeet (Rao et al. 
1987b; Rao and Terry, 1989). During the present study better growth of plants was 
observed receiving wastewater having 1.86 mg P/1 (Table 4) in addition to other nutrients. 
The observation of the improved performance of the crop receiving it as a source of 
irrigation water was therefore, understandable. Although it emphasis that application of 
phosphorus has its limitations as P applied to the soil is very rapidly changed to less 
soluble form and therefore, becomes less and less available with time. Admittedly in short 
season crops, like some vegetables, growth responses to applied P may persist up to 
harvest. On the contrary, comparatively long season crops, like com and Brassica, may 
show only slow growth responses and much lesser effect at seed formation and maturity. 
Therefore irrigation through wastewater up to close to harvest could have ensured its 
availability and thus might have improved the growth and development which ultimately 
led to higher seed productivity (Table 12e, fig 2a). 
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Yield is the final manifestation of morphological, physiological and biochemical 
traits of a crop, which are dependent upon various environmental factors, including water 
and nutrients. In present study, higher values and cumulative enhancement of yield 
parameters including seed yield was recorded under WW. This is probably due to the 
nutritional quality of WW resulting in better growth and health development of 
reproductive parts and finally higher seed and oil quality (Table 12 and 13, fig 2a). 
However the concern regarding the possible accumulation of elevated levels of 
trace element constituents/ heavy metals due to the uninterrupted application of large 
amounts of fertilizers, other soil amendments, and marginal quality wastewater to 
agricultural land has raised potential harm to the environment (Colboum and Thornton, 
1978., Ma and Rao, 1995., Raven and Leoppert, 1997). Furthermore, increasing amounts 
of urban and industrial wastes (Parry et al, 1981) which may contain significant 
quantities of heavy metals being disposed on the agriculture lands (Raven and Leoppert., 
1997). The decontamination of these soils by engineering methods is high costing project 
(Baker et al, 1991., Salt et al, 1995). Over the last several years there has been an 
increasing interest in developing a plant based technology to remediate heavy metal 
contaminated soils (Cunningham and Berti, 1993., Raskin et al, 1994). Phytoextraction is 
the use of plants to remove heavy metals from contaminated soils. The concept of using 
plants to clean up contaminated environments is not new. About 300 years ago, plants 
were proposed for use in the treatment of wastewater. The extreme level of metal 
tolerance in vascular plants is called hyperaccumulation. Hyperaccumulators are defined 
as higher plant species whose shoots contain_ lOOmg Cd Kg"'' lOOOmg Ni, Pb and Cu 
Kg'' or _10,000mg Zn and Mn Kg"' (dry weight) when grown in metal-rich soils (Baker 
and Brooks., 1989, Baker et al 2000). Crops with both a high metal uptake capacity and a 
high biomass production are needed to extract metals from soils with in a responsible 
time frame (Ebbs and Kochian, 1997). According to Brooks et al (1997), metal 
hyperaccumulator is a rare phenomenon that occurs in some plants called 
hyperaccumulators. The potential of some crop plants from Brassicaceae for phyto-
remediation has been extensively studied (Brown et al 1995b., Dushenkov et al 1995., 
Ebbs and Kochian, 1997., Ebbs et al, 1997) and it was demonstrated some efficient shoot 
accumulators of the genus Brassica contained up to 3.5 on a dry weight basis of heavy 
metals (Nanda-Kumar et al, 1995). 
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Fig 2. Effect of ground water (GW) and wastewater (WW) on (A) seed 
yield, (B) oil content and (C) oil yield of four cultivars of Brassica. 
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cv. IC-247 
Brassica cultivars 
In root 
6. campestris 
cv. P.Gold 
B. juncea 
cv. P.Bold 
8. napus 
cv. GLS-1 
B. n/gra 
cv. IC-247 
Brassica cultivars 
Fig 3. Heavy metals concentration in (A) shoot and (B) root of four Brassica 
cultivars irrigated with wastewater (WW). 
"DiiCMiiOK 
Besides the nutrient quality of wastewater as pointed out earlier, some heavy 
metals (Pb, Cu, Zn ans Ni) were also found. Heavy metal accumulation was noted in the 
samples of root and shoot portions of plants receiving wastewater as the source of 
irrigation (Table 14a). It may also be pointed out here that among the four metals Zn was 
found in highest concentration (190.6 mg Kg'' DM) in the shoot of 5. campestris cv. P. 
Gold and in shoot the trend of heavy metal concentration was greatest for Zn followed by 
Cu> Pb> Ni, where as it was Zn> Pb> Cu> Ni in the root (Table 14, fig 14b). These 
results were more or less in agreement with the studies undertaken by Grytsyuk et al. 
2006, Zheng et al. 2007 and Khan et al. 2008. Different Brassica cuhivars showed wide 
variations for biomass accumulation as well as concentration and uptake of heavy metals. 
The B. campestris cv. P. Gold accumulated higher concentration of all the four metals 
with more concentration in shoots than roots except Ni where B. nigra cv. IC-247 
performed better in accumulating more in the roots than in the shoot. Another cultivar B. 
napus cv.GLS-1 possesses a more fibrous root system coupled with higher root fresh 
weight and dry matter accumulation (Table 6b and 7b) extracted large amounts of Pb, Zn 
and Ni from soil. Our results confirm the findings of Herrero et al. (2003). Therefore, 
dissimilar metal uptake by different Brassica cultivars is not only dependent on genetic 
potential but may also be related to root parameters such as root weight, root length etc 
and in our study while maximum root length was observed in case of B. juncea cv. P. 
Bold but higher root dry weight was found in B. napus cv.GLS-1. Among the four heavy 
metals in general Zn accumulated more in shoot as well in the root while Cu accumulated 
more in root than the shoot. Thus from the table-14b the range of heavy metal in shoot 
and root in different Brassica cultivars were within the range of toxic limits as mentioned 
by Pendias and Pendias (1992). 
Some crucifers as already mentioned are heavy metal accumulators. In the present 
study since both root and shoot have accumulated excessive levels of heavy metals, it 
may be treated as an instrument for extraction of metals and among the four cultivars B. 
juncea cv. P. Bold through accumulated less heavy metal as compared to B. campestris 
cv. P. Gold but showed maximum tolerance to heavy metals and recorded highest yield 
among the four cultivars of Brassica and thus clearly B. juncea cv. P. Bold showed 
greater tolerance to heavy metals in wastewater and serve as better phytoremediator.. 
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APPENDIX 
The reagents and chemicals used in various determinations were prepared according to 
the following methods. 
(A) Reagents for Soil Analysis 
1. Cation exchange capacity (CEC) 
(i) Sodium hydroxide solution (O.IN) 
4g of sodium hydroxide was dissolved in distilled water and final volume was 
made upto 1000ml with DDW. 
2. Total organic carbon 
(i) Potassium dichromate (IN) 
49.04g potassium dichromate was dissolved in distilled water and finally the 
volume was made upto 1000 with DDW. 
(ii) Ferrous ammonium sulphate (0.5) 
196 g of hydrated ferrous ammonium sulphate was dissolved in double 
distilled water. To this 20 ml of concentrated sulphuric acid was added and 
finally the volume was made upto 1000ml. 
(iii) Diphenyl amine indicator 
0.5g diphenyl amine was dissolved in a mixture of 20ml of water and 
100ml of concentrated sulphuric acid. 
3. Nitrate nitrogen 
(i) Phenol disulphonic acid 
This was prepared by taking 25g of purified phenol (C6H50H, crystal white) in a 
dry conical flask to which 150ml concentrated sulphuric acid (nitrate free) and 75ml 
fuming sulphuric acid (nitrate free) were added and kept on boiling water bath for 2hr 
covered with watch glass. After cooling, it was stored in an amber coloured bottle. 
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(ii) Liquor ammonia (1: 1) 
Ammonia having 0.88 specific gravity was diluted with equal volume of water. 
4. Available Phosphorus: 
(i) Olsen's reagent 
42.0 gm of sodium bicarbonate was dissolved in double distilled water to give 1000 
ml of the solution. The pH was adjusted to8.5 with the addition of small quantity of 
sodium hydroxide. 
(ii) Dickman and Bray's reagent 
15 gm of ammonium molybdate was dissolved in 300 ml of warm water (about 
60°C). It was then cooled and filtered. To this, 400 ml of 10 N HCl was added and finally 
the volume was made up to 1000 ml. 
(iii) Stannous chloride solution 
10 gm of crystalline stannous chloride was dissolved in 25 ml of concentrated HCl 
and stored in an amber coloured bottle. This was 40% stannous chloride solution. Just 
before use 0.5 ml was diluted to 66 ml with double distilled water. 
(iv) Sulphuric acid (7N) 
19.6 ml sulphuric acid was added to double distilled water and the final 
volume was made up to 100 ml. 
5. Available Potassium 
(i) Ammonium acetate solution (neutral and normal) 
Solution of 2N glacial acetic acid and 2N ammonium hydroxide were prepared and 
equal volumes of two were mixed in a beaker. On cooling p" was adjusted to 7.0 with 
acetic acid. 
6. Calcium: 
69 
AfifUMtUx 
(i) EDTA so\vLi\on (O.OIN) 
2.0 gm of ethylene diamine tetra acetic acid was dissolved in double 
distilled water and final volume was made up to 1000 ml. 
(ii) Murexide indicator 
0.2 gm of ammonium purpurate was mixed with 40gm of powdered 
potassium sulphate. 
7. Magnesium: 
(i) Eriochrome black T indicator 
0.5 gm dye was mixed with 100 gm 2, 2, 2, nitrilo triethanol. 
8. Carbonates and Bicarbonates: 
(i) Phenolphthalein indicator 
0.5 gm of phenolphthalein was dissolved in 50 ml of 95% ethanol and 50ml of 
distilled water. 
(ii)O.OlNSulphuricacid 
0.272ml sulphuric acid was diluted in double distilled water and final volume was made 
up to 100 ml. 
(iii) Methyl red indicator 
0.5 gm methyl red was dissolved in 95 ml ethyl alcohol and 5 ml double distilled 
water. 
(B) Reagents for Water Analysis 
1. Biological Oxygen Demand (BOD) 
(i)Manganous sulphate solution 
40 gm of manganese sulphate was dissolved in double distilled water and volume 
was made up to 100 ml. 
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(ii)Alkali azide reagent 
A mixture of 50 gm of sodium hydroxide and 13.5 gm of sodium iodide 
was diluted to 100 ml with double distilled water. 1 gm of sodium azide was 
dissolved in 4 ml of double distilled water and added to the above solution. 
(iii) Sodium thiosulphate solution 
2.48 gm of Na2S203 was dissolved inlOO ml of distilled water and diluted to about 
four times. 
2. Chemical Oxygen Demand: 
(i) Standard Potassium Dichromate solution 
12.259 gm potassium dichromate was dissolved in double distilled water and final 
volume was made up to 1000 ml. 
(ii)Standard ferrous ammonium sulphate 
39 gm standard ferrous ammonium sulphate was dissolved in double 
distilled water. 20 ml of concentrated sulphuric acid was added and volume was made up 
to 1000 ml. 
(iii) Ferroin indicator 
1.485 gm of 1, 10 phenanthroline monohydrate together with 495 gm FeS04 was 
dissolved in double distilled water and volume was made up to 100 ml. 
3. Total Hardness 
(i) EDTA (0.01 M) 
3.723 gm EDTA dehydrate salt was dissolved in double distilled water and diluted 
to 1000 ml. 
4. Calcium 
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(i) Sodium hydroxide solution (IN) 
4 gm of NaOH was dissolved in double distilled water and finally 
volume was made up to 100 ml. 
(ii) Ammonium purpurate indicator 
150 mg ammonium purpurate was dissolved in 100 ml ethylene glycol. 
5. Carbonates and Bicarbonates 
(i) Phenolphtahlein indicator 
0.5 gm of phenolphthalein was dissolved in 50 ml of 95% ethanol and 50 ml of 
distilled water. 
6. Chloride 
(i) Potassium chromate indicator solution 
50 gm K2Cr204 was dissolved in double distilled water and silver 
nitrate solution was added till a definite orange red precipitate appeared. After this, it was 
filtered and diluted to 1000 ml with double distilled water. 
(ii) Standard silver nitrate titrant (0.141 N) 
2.395 gm AgNOs was dissolved in double distilled water and diluted to 1000ml. 
7. Nitrate Nitrogen 
(i) Sulphanilic acid solution 
600 mg sulphanilic acid dissolved in 70 ml warm DDW. After addition of 20 ml 
concentrated HCl, the volume was made upto 100 ml. 
8. Phosphorus 
(i) Ammonium molybdate solution 
25.0 gm of ammonium molybdate was dissolved in 175 ml of double 
distilled water (b) 280 ml of concentrated H2SO4 was added to 400 ml of 
double distilled water and cooled. The two solutions (a) and (b) were 
mixed and diluted to 1000 ml. 
72 
^flfMuUx 
(C) Reagents for Plant Analysis 
1. Chlorophyll Estimation 
3 „i:-„„^* :*u o n 3 80% acetone was prepared by mixing 80 cm of acetone with 20 cm ofDDW. 
2. Estimation of Nitrogen, Phosphorous and Potassium 
(i) 2.5 N Sodium hydroxide 
10 gm of sodium hydroxide was dissolved in 100 ml distilled water. 
(ii) 10% Sodium silicate reagent 
10 gm of sodium silicate was dissolved in 100 ml of distilled water. 
(iii) Nessler's reagent 
3.5 gm of potassium iodide was dissolved in 100 ml DDW in which 4% mercuric 
chloride was added with stirring until a slide red precipitate remains, then I20g NaOH 
was mixed with 250ml DDW and volume was made upto 1000ml with DDW. The 
mixture was kept in an amber coloured bottle. 
(iv) Molybdic acid reagent (2.5) 
6.25 gm of ammonium molybdate will be dissolved in 175 ml double 
distilled water, to which 75 ml of 10 N sulphuric acid will be added. 
(v) l-amino-2-naphthol-4-sulphonic acid 
0.5 gm of l-amino-2-naphthol-4-sulphonic acid will be added in 195ml of 15% 
sodium bisulphate solution to which 5 ml of 20% sodium sulphate solution will be 
added.The solution will be kept in amber coloured bottle. 
(v) 15% Sodium bisulphate solution 
15 gm of sodium bisulphate solution was dissolved in 100 ml of 
double distilled water. 
(vi) 10 N Sulphuric acid 
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Enough double distilled water was added to 25.25 ml of H2SO4 to make its volume 
uptolOOml. 
(vii) 20% Sodium sulphate solution 
20 gm of sodium sulphate was dissolved in 100ml of DDW. 
D. Reagent for oil analysis 
(i) Oil content 
Sufficient amount of petroleum ether. 
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